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l^REFAOE 


The following pagos contain an attempt to penetrate 
tho mystery of space and time with the help of the 
most modern resources of soiontifio research. Tho 
treatment extends to tho Infinite on one side and 
tho Infinitesimal on tho other, and soohs to annex 
a "first order" of each to tho vast realm already 
surveyed and partly controlled by the human in- 
tellect. Tho main thesis of this work is that a 
universe constructed on a pattern not widely dif- 
ferent from ours is onoountorod on a definite and 
measurable scale of smallness, and another on a 
correspondingly larger scale. To those universes 
I give tho names Infra-World and Supra-World 
respectively. 

In studying tho characteristics of those two now 
worlds — "now" in tho sense of being now for the 
fir, St timo disoovorod and described — I have taken 
for my basis that last and greatest gonoralisation 
of soiouco known as the “ oloctron theory,'' which 
has during the last ton years of triumphant progress 
aocountod for all known phonomona of oloctrioity and 
magnetism, and thus placed tho whole of physical 
soionoo on a now and linn foundation. Tho now 
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point of vio'w introduced into this theory for the 
purposos of tho present research is confined to the 
stipulation that matter and oloctrioity are quantities 
of an essontially difforonb nature, and that ■whatever 
they may be, one of them cannot bo intorpretod in 
terms of the other. There is, in fact, no “oleotrio 
theory of matter," and a further simplification of 
natural laws must procood on non-material linos. 

For tho philosophical dootrinos guiding those 
rosoarchoB I am very greatly indoblod to my rovorod 
master and friend, Fr. Johnstone Stonoy, F.R.S., 
whoso ontological speculations have profoundly in- 
lluoncod and onlightonod mo. Ontology is a subject 
loft uncultivated by most modern men of soionco, 
and that may account for tho soinowhat materialistic 
tendency of most of thoir writings whon touching 
on philosophical subjects. Tho scionoo of tho mind 
is as yot in its infancy, largely on account of the 
lack of a comjrrohonsivo thoory of mental phono- 
mona. Mental patliology and ])sychical research 
will enter on a career of useful achiovomont as soon 
as they can agree upon a “ point of view.” At present 
all is chaos and guossworl!;. Tho Kepler and Nowton 
of tho soul aro still awaited. 

A work like tho present necessarily appeals to tho 
intolloot in tho first insLanoo. But tho proof of tho 
oxistonco of two worlds whoso possibility was barely 
suspected hitherto, and whoso connection with our- 
selves, with our OAvn past and futuro, may bo very 
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intimate, muet also stir tie heart and fire the im- 
agination. I have carefully avoided entering the 
field of theological controversy, but I hope that 
those who believe that this world of ours is in 
good hands, that it is not governed by blind chance 
or inflexible destiny, that it offers infinite possibilities 
of faith and hope and love, will derive some addi- 
tional comfort and encouragement from the following 
pages, oven though these proceed from a dry analysis 
of known facts, May this, together with the circum- 
stances of this book being written in Ireland and 
largely inspired by Irish thoughts and thinkers, go 
to justify its Irish motto: "For the Glory of God 
and the Honour of Ireland." 

E. E. EOUENIEE n’ALBE. 

OHAPiSLIZOD, Jum 1007. 
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OlIArTlSll 1 

A NKW MKniOCOHM 

I, To throw Uio imago of a drop of atagnaut wntor 
on a floroon imtlor a higli inagiufying powor, and to 
I'ovofil tlio intonao and manifold lifo whioh porvudon 
that aquooufl mioi'ooOHm, ia a fuvoiirilo prouomling 
of tho poimlar aoionco looLuror. It novor faila to 
foaoiniiLo tho niulioiioo, and ofl.on (.orrilioa it. Tlioro 
ia Homothing imoaiiny in tlio thought that a dnw- 
(Irop may ooutain thouHtinda of aimdl aniunda 
whioh oat, and fight, and lovu, and diu, and whoao 
apan of lifo, to judge from thoir intoiiHo aotiviiy, 
ia probably liilod with aa many ovontH aa oiir own. 
lint Homu uutiHolaliim may ho disrivnd from ilio 
roflootioii that, whon tlio watnr ia bodod, all lliat 
lifo (liHappoai'K. and notbing rt’inaiiiH Imi ddiul 
mattor “organio, maybo, but no longt'r nrgnniNud 
or furniHliod with a oomploto Hot nf oiiioUouh, 
HonHationa, and pnrpoHOH. 

Milt what giiaraiituo liava wo tiiui an itnilrnmonl 
of mmd) higlior power Uian iho ihii'roN(!n])o an 
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iiiBl-rumont nw fur suporiur tu I ho miomsoopo Jia Lho 
mioroHOopo is Hiipori<tr to Urn nukoil oyo~»iimy not 
rovonl fnnlior witrltlw of hilliorto immmpoototi lifo, 
whiah mtiy pomtihly ho inoro tlinkmli, to tloaLroy 
Umn lho luiimto orf^HiUMriiM of ilm pond if 

TJio mimllt'Hi. olijooi wldolj tiau ho diatinoLly 
ppi’floivotl hy lho nurnoil Iniiimn oyo oi a iliHlanoo 
of 10 in, iM in, in ditunolor; or, more HlrUitly 
upoakinK' "‘him iwo hlnok oltjool# aro Hoparalod 
hy a liriiiflit inlorvtd aio in. wido, Uioy aro jiorooivod 
an Koparalo ohjuoU. 

N<nv a ^ood niiuruHoopo inagnilloa ahout two 
Itundrod liinua, no iliai ihu liinil of rorndvin^ powor 
ia hrouj<lil tlown to ,nooi» i*'- 'Hiia ia Muliioioni for 
praoiioidly all piirpuaiot for wliinli lho inioroHOopo 
ia nanally inlunduii. A hninan hloiul oorpnaulo ia 
Bg’oo ill. in diiunoior, anil in ihoruforo a vury largo 
ohjoal fur a pitwnrfiil loioriiHiiopo. Of yimal-ooUfl 
l.lmro am 00(10 (o (ho iioth, lotd lho atnmlia ia of 
lho aanni ni/". Tho niiii|t"i of fnnou fungi aro a« 
many an iiooo nr ovnii <Hoou in iho inoh, whuroiiH 
lho HporoK of iliti aiilhra\ hio'ilhia aro toil moro 
lliali sjitnn im in diiuooli'i'. Tho iiiarkinga of 
iliiiloiiia aru cniriidoioil Monowlial oxaoling l.oal- 
olijoola for gooil loioromioiioH, and .'(it, (Min ot llunn 
havu hooli ooiinUtil In lho nioh, and lho huiiui iiixu 
iniiHl ho aaaignod lo lho haoilli of lid>uroiiln!iin, 

Hmall aa lIiohu oIijoiiIh urn, limy do noi roproaunl 
lho oxlroino limila of inioroiaiopio viamn. 
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Alib6 has oaloulated that tho utmost altainablo 
limit of resolving power can never oxcoocl -rj-FV^nr “■) 
on aoooimt of diffraotion. This moans that when 
objects aro any smaller than that, and are viewed 
by light transmitted along tho axis of tho mioro- 
soopo, tho light bonds round tho objoot, and enters 
tho eye just as if tho objoot did not exist. Henoo 
tho objoot is invisible. This dilHoulty oouUI bo 
ovoroomo if photographs oould bo obtained by 
extreme ultra-violot light, which, on aooount of 
tho shortness of its oonstituont waves, is loss bent 
aside from its reotilinoar courso. 

But dilfraotion is not an unrnixod curse of optics. 
It may bo utilised for ultra-microsoopio vision. Of 
this there aro two familiar examples. Tho lixed 
stars .show no measurable diameter, oven with 
the highest magnifying power. They would bo 
quite invisible but for tho fact that a parallel 
beam of light, incident upon tho oyo or upon any 
other achromatio instrument, is not brought to a 
focus in a geometrical point, but in a small disc 
produced by didraction, a di.se sulUciontly largo 
to come within tho porcopLivo power of tho 
retina. 

Tho motes lloating in a sunbeam, again, would 
bo quite invisible but for din’raotion. They aro 
less than -rcrFVffii io- hi diameter, as can bo proved 
by thoir rato of settling down in still air, Their 
very smallness enables them to scatter the light 
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in a lateral cliroofcion. A mioroscopo haa , boon 
oonstruotod on this principle of lateral illumination 
by Siodentopf and Szigmondy/ and by its means 
objects only a millionth of an inch in diameter 
havo been poroeivod. Wo cannot say that those 
objoots have hoon “soon.” But their prosonco has 
been indicated by what might bo called diffraotivo 
symbols, appoaranoos serving to indicate thoir 
prosonco iir the hold of vision, just as distant 
smoko indicates a fire. Tims, when in the “ultra- 
microscope” wo perceive an object surrounded by 
rings, wo know that wo have to do with a very 
minute body. Wo can count such bodies, and 
observe thoir motions and changes of size and 
arrangement, The inventors of the ultra-microscope 
used thoir instrument for determining the weight 
of the particles of gold contained in a colloid 
solution of that substance, 

The world revealed by the ultra-miorosoopo is 
not a living world. No organisms can fall short 
of a certain size and live. Life appears to require 
a certain minimum of molooulos to support it. Tho 
physical processes of life aro so manifold that a 
single molecule, or oven a million molecules, aro 
unable to compass them. 

No man ha.s yet soon a moloculo; but countless 
experiments and indirect measurements havo given 
us a fair idea of thoir size and weight, and wo 
* Annahn dev Phytih, No. 1, lOOS. 


A NEW MICROOOSM 


7 

oan doLermino with a vory oonsiderablo degree of 
aocuraoy the number of molecules which go to 
make up a living organism. 

Ono of tho smallosb infusoria known is tho Monas 
Dallingori, which is only ^niW in. in diamolor. At 
a certain stage of tho lifo-history of this organism, 
two individuals oombino and fuso into ono, and 
after six hours' incubation give riso to a largo 
number of spores whoso size is not accurately 
known, but which cannot bo more than Tre-o-^Tr in. 
Each of those spores is an indopondont living 
individual. 

It is not at all difficult to ai'rive at an estimate 
of l.ho number of molecules which go to make up 
that spore, but boforo doing so. it will bo worth 
Avhilo to translate our dimensions into the motrio 
system. Tho unit adopted in moasuring objocLs 
of tho sizo of a wave-length of light is tho micro- 
millimotro, or millionth of a millimotro, donotod 
by tho symbol /a/a. In ordinary microscopic 'work 
tho micron, or thousandth of a millimotro, is 
now moro gonorally adopted. It is usofiil to 
romombor that 20'-l millimotros, or 25,400,000 
mioromillimotros, or 25,400 microns, go to tho 
inch, HO that ono of tho sporos undor discus.sion 
is about half a micron in diamolor, or 423 /a/x. 
Now tho average diamolor of tho nioloculos con- 
stituting tho substance of tho sporo has boon 
ostimatod at 0'3 /x/x, so that wo ,sco that a chain 
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of some 1200 suola molooiilos would roaoh from 
one ond of ib to tlio obhor. Bub avo also Imow 
that tho molocules do not all touch each other. 
The speoiflo gravity of tho spore is nearly equal to 
that of Avator, and in Avator tho molooulos aro 
suflioiontly Avidoly apart to alloAV of thoir froo 
motion ahout oaoh othor. No doubt tho various 
parts of tho cytoplasm, nuolous, and ooll-Avall of 
tho sporo consist of various intricate groupings 
and aggregations of molooulos ; but, on tho average, 
Avo may estimato that tho molooulos aro half a 
apart, so that a cubic space of cubic /j^fi goes to 
oaoh moloculo. Sinoo tho radius is about 200 (ifjt, 
tho volume of tho sporo is 4’'V or 33,500,000 
cubic Multiplying’ this by eight, avo got 268 
million as tho number of molooulos constituting tho 
sporo, 

This numbor, roughly ap))roximato ns it is, 
enables us to draAV tho important conclusion that 
no liviwj organiam conlaiiia less than a hundred 
million molecules. 

When, thoroforo, avo ponotrato further into tho 
realms of ultra-microscopy, avo loavo life behind, 
and havo bo do Avith none but unorganised inatLor. 
Wo can porcoivo tho prosonco of objects doAvn to 
about 20 jifjL in diamotor, Avhich cannot contain 
more than about 60,000 molooulos. Beyond that 
limit, oven tho most recent optical devices fail us, 
and AVO must fall back upon tho visualising poAVors 
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of blio soienlifio imagination, trusting that optical 
progress will somo clay enable ua to verify our 
imaginings by ocular demonstration. 

2. As our resolving powers inoreaso, tho world 
of small tilings becomes more and more unfamiliar. 
If tho ordinary miorosoopo rovoals boings whoso 
oxiatonoo on a largo scale would bo impossible, 
how shall wo find our way in a world whoso 
objects are of molooular climonsions? But since 
wo havo started on that vonturosomo journey, lot 
us go straight ahead, and ondeavour to find somo 
Imk botivoon tho now kingdom of Lilliput and our 
own univorso, 

Whon wo arrive within sight of tho molooulo, 
the microcosm bocomos invisible by ordinary moans, 
as already stated. But, as wo shall soo, there is 
no reason why it should bo invisible to eyes 
properly adapted to its soalo of magnitudo, 

Fortunately for us, that scale of magnitudo is 
known with sufficiont aoouracy to prevent our 
making any very grave blunders in finding our 
way in tho infra-world. Wo know that tho atoms 
aro about O-G ft/i in diamotor, and that thoy are 
.surroundod by electrons in somo such way as our 
sun is surroundod by })lanots. Those oloctroiia have 
a diamotor of a millionth of a micro-millimotro, 
or 10-’** cm. Now, tho diiuiiotcr of tho earth is 
12x10 cm. Hence tho ratio of tho siijo of tho 
earth to tho size of tho electron is i‘2 x i0^“, or 
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approximately 10,000 trillions to 1. This ratio 
appears to bo of fundamontal impor banco. It is 
nothing less than tho miio of the scales of sxmmsive 
umverm. 

Since in the minute world, wo are now exploring 
atoms correspond to suns, and electrons to planets, 
we may boldly equate our earth to an olootron, 
and find how far tho analogy holds good. 

Time and space are, after all, purely relative. If, 
at midnight to-night, all things, including oursolvos 
and our measuring instrumonts, wore roduood in 
size 1000 times, wo should bo left quite imawaro 
of any such change. Thoro would bo nothing to 
prove that it had taken place. Also, if all events 
and all timepieces wore acoolorated in tho same 
ratio, wo should be equally ignorant of the event, 
We measure size by our own bodies or by tho size 
of tho earth. Wo measure timo by tho rotation of 
tho earth or by its revolution round tho sun. 

Now, if wo were small enough to live on an 
electron as wo now do on tho earth, wo should 
monsure all things by comparing them with our- 
selves or with our olootron, and wo should raonsuro 
time by tho rotation of our olootron or its revolution 
round the central atom. Now, tho period of tho 
earth's revolution about tho sun is 3 x 10’ seconds 
(= one year), whereas tho period of revolution of 
the avorago electron round its atom is 2x10"^^ 
seconds. The ratio of those two periods is 1'6 x 10®^ 
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01 ' substrantially the same as the ratio of tho ciia- 
meters. Henoo in tho infrfwworld sTpaoa mA time are 
reduced in the same proportion. 

It is this curious ciroumstanoo which justifies tho 
expression "infra-world.” It shows that the world 
in which an electron is equivalent to tho earth is 
a real microcosm, a “ visible universe ” on an almost 
inconceivably small scale, but still a universe whore 
conditions do greatly resemble our own. 

Our visible universe consists of stars strewn ir- 
regularly through space. As wo dosoond in tho 
scale of dimensions, wo first enter tho region of 
micro-organisms, then tho region of molecular 
aggregates, and, lastly, the region of atoms and 
oloctrons, and it is only at tho last stage that wo find 
any conditions ooraparablo with those of our world. 

When, with our own progressive diminution, tho 
small things appear larger and larger, when finally 
tho olootron comes to resemble the earth, and wo 
take our stand on it as “ infra-men ” 10^® times 
smaller tiian our present size, wo enter this mys- 
terious infra-world, and begin to appreciate its real 
structure. Our olootron turns out to bo a hard 
sphere, but siifliciontly varied in its surface (most 
likely) to present what wo used to call landscape 
olfocts. This moans but a slight irregularity of the 
surface, so slight as to bo impossible to trace by 
terrestrial measuroments. 

Wo may have entered tho infra-world in tho full 
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oxpootalion of /liulingr ovorj-thing i» ft wild wldrl 
mid tiu-inoil, and horo m Htul oiirsolvos onliruly 
miatalcon. Oiu* oloolrou rolls tliwHgh aimoo iis 
loisuroly ivnd luivjoflUoftlly ft« Uto imrUi Apiionrod to 
do. WJioii Olio rovuliitiori i« ceunjilotod, ftiiotlior is 
begun; and ho it gcios on for n tliousniid million 
"yoavjg'' porlmpH -yoarfl luoafliirod by tlio rovoliw 
lions of tho olootron. This vast iwriod oovora but 
a millionth of ono lorroslrial floomid, it is trim, but 
how could wo Jaiow that? Wo no longor monsuro 
timo by tho torrofilrial HOido, Wo inonsuro it on tlio 
samo ])rmoi))lo, but mir Hoaio i« iwluoofl 10« tiuius; 
and if wo ooiikl mo/iHuro tho onrtlily yonr, it would 
appear to us to bo an iiuiiionso period stroteliijig 
over 10,000 trillion iiifra-yoiirH. 

Wo could HtiJl talk about a Hpootl of l (im, pop 
soooud, but sinoo tho coiUimuLru would bu durivod 
from tho olootrcm iiiHtond of lint oartli, it would bo 
10-32 qP Lorrostrial (toiitimnl.ro. It nhoiild, tlioru- 
foro, bo enliud an " iulru-finuiiiiioiro." Tlio now 
second should idmi Ihi callnd mi " iiifm-Huooml." 
J3iit volooitioH HO mojifliirod wmilil bo ri'idly (Kpiiii 
if moasurod in the samo liguros. Thus, a viihicity 
of 1 inlra-oin, jior iiiii'a-HiiuDiid is oxiioih* it(|iiu| to n 
velocity of J GUI, per Hociud. Ami imoilior of the 
curious ooinoidoiicoH brmiglit nut by this apemda- 
bion is that tlio voIoeitioH jirevnlmit in botb worlds 
ct/i'C suhaianliallif Ihr myno, imt/i rAativchj a)itl 
absolutely. 
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We talk of “planetary” and “oosmio" volooitios, 
and find that most stars have a speed of million 
oin. por second. Now, this is just about equal to 
the speed of the average electron in its orbit, Wo 
need not, thoroforo, do any violence to our notions 
of possible speeds in descending into the infra-world, 
It is generally thought that no matter can move 
with a speed exceeding the velocity of light — via,, 
3 X cm. per second. It is thoroforo reassuring 
to find that the speeds of tho infra-world are well 
below that limit. 

3. Infra-Light , — 'It is evident that whatever may 
bo tho constitution of any infra-organisms which 
may people our infra-world, that world cannot bo 
to them what ours is to us without tho oxistonoo 
of light, That light cannot, of course, bo what wo 
understand by tho term. It cannot bo earthly light, 
for a single vibration of earthly light talcos a whole 
" year ” to accomplish itself in tho infra-world, Eut 
tho infra-world, if it is like ours, must consist of 
particles — atoms aird electrons, maybe — of a still 
smaller ordor of magnitude, another times 

smaller than tho infra-planets ; and tho motion of 
those infra - oleotrons lights up tho infra-world. 
Since all speeds remain tho same, tho speed of 
propagation of infra-light will bo 3 X 10*“ cm, por 
second, like our terrestrial light. But any Runner 
or Foucault or Fizoau among the infra-men would 
actually obtain tho same figure for tho velocity of 
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l.’il'UA-WtOll.li MKfllAKlCS AND I'lIVRK'H 

1. ‘I’lu, lunMii*!. tif ilu) uiiivoi'KO iw govornoil 

l-i l-.iir '(U ihiifit);), itiiir "ttlt'inoiilH" i»l' a iiuKsh inoi'o 

liittilutiii'iil.i) ('hiH'iwU'i' tlmn (Jiirlli, air, liro, ami 
’11)1 >i«i iMiir »|Utuililu'H aio loufjlii, Liino, 
I'ltn-jiit'ity. Nmui oC UuiHo oan lio aom- 
!y otiiri Mtmnl liy any (joiiilanalian af tho otliov 

ills'*!’ 

11,1- (•<•)(< »jt!i"tiK 111' oxianaion, Hjiaao, longLli, area, 
ail' al'Hiria-iiiiiui ol' our own mind, wliidli 
o\|a« 1.1 aiiil rtiiliiiily lltii liluitaiiioiil.al liiol of [duraliliy 
Mjr i-i.H,! iPviti'o. Tltoro would lio no uood for "Hpaoo” 
if 1 o.ro iho ..idy ntiiilimil liciiig, and had only ono 
M.i; OI-'U oi a (iino. I tilioulil l.h()U ho ill- 

* >'l ariiviiig at. (Iio (iouoitpUou of apaoo, 

111. »o Im iiulldin; 1.0 fiuggiwl, il.. Hut, t,ho 

ntiioih i)i< oil') ii\ i<ii "Ill'll III liiiiiu;ii and ohjiKil.a wiiioh 
.o„ iiid"|>>'ii'h'iii nl iny wilt loaita mu to form iu- 
■iliio ? i\ "Iv iloi idoii 111 ii|iui'ii. 

i>i'a'''i iiinilii’!! i;oi)xi!!i.ou(!o, no l.iitio im])lioH 
••hiu'", 'I'hn uio'i.-uiioituiiil, <d' tiiiio im]ilioH iwo 
ftiiiiitli tiiiitoui ohaugo/i, olio III wliioh oomii'H al, 
t.. -tiho iul"i'valn iuiorvala whicli aro acconi- 
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paniod by Iho eamo quantUy of oliango in many 
other objools. 

It is well known in. psychology that tho oyo and 
tho touch aro both at work to give tho infant tho 
sonso of spaoo. Tho notion of tiruo is acquired 
through tho oyo, tho oar, and tho touch. 

Tlio notion of mass is inoro conijdox. It is 
primarily based upon tho luusoular sonso, It in” 
volvos a notion of volumo and a notion of density 
or intensity. Tho observation that moro bulk does 
not dotormino tho rolativo importanco of moving 
objocts, that two objects filling tho saino ainunnt 
of space, and moving with tho same speed, may 
have vory dill'eront oifoots upon tho motion of other 
bodies, loads to tho abstraotion of density, and 
indirootly to tho idea of mass. But tho idea of 
mass i,s not at all a gonorally familiar ono. U is 
usually inoasurod by weight- -'i.e., tho force exerted 
by tho earth upon tho mass. 'I'lns force is pro- 
portional to tho mass; but ma.s8 or inertia is ([uito 
independent of tlio oarth and of gi-avitation. 

Elootricity is an abstraotion still loss familiar to 
untrained minds. But it is (juito as fundamental 
as mattor; indeed moro so, porliaps. It involves 
tho notion of a dill'eront kind of intensity, wliieh 
is indopondont, within certain limits, of tho quan- 
tity of matter present. 

Iloat is anothor jihysioal quantity often ineasiirod 
on an indopondont scale. But, unlike matter and 
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nKiniiioiiy, it tiiiu lio f'ononit.od niicl dofltroyod. 
Mtirtiiivitv, ilH tiiiitiuiil oftii 1)0 ox|iroHHotl in lonns 
mf lilt) (itluT luiHltniHmlul t|iiajil.iUuH. Thoroforo 
U iiti luH'-t'H'.ii.y of voj^imluih' iL an a fnnda- 
iiixiilal tjiiasility. 

All iltn •{iianiiiiaH juoaHiivtxl in inuohaniaH and 
pliyiiicn am inuda U|i ol' iiHiaHiii'aniunlH of ono ov 
iiKiri) Ilf tltn I'tiiir fnialamonlid i|naiiUlioa; !iin|^'l]i L, 
lintti T, ma-in M, mid tiliailrioity M. Or if luoro 
I'Miititlax; tinmii urn moaHnnid Iiy dirool, wading, 
a'l l*y a a|iiit'd iiidiiaihir nr a tlKiriucnnoLoi’, iho roanlL 
ia ridiK'ililit to I III) fniir rinalatiianl id ([itanLil ioH, 
ir, ilini .'rill'll, wit wiiili III anivo at (ha mimlianical 
iiiiil |iliy<,ioal ('iiMiailnliiiii ul' any linaginalila uni- 
VKiiii' Wit liavit Hilly In miaai'liiiii hiiw ilii i'lindainanlal 
ijnaiii ilif'i i''iin|iaii) with hiii'm, 

'riiHit wit iiih(lil. ))nHlnlali) a worlil in wliioh all 
inmiiixa .tnil limgilia arn l.lia aatna ati in iini'H, but 
ill wJtinb tiviirylliing haiipniia tan tiiiiaa aa faat. 
‘rinin il ill nn'iy l" nlmw that aritan. vnliiinuH, iiiiglaH, 
tli'iiMl ii<'i, aiid iii'itiiaiilM III' inarlia ara tba Hiiliiii aa 
lii.liii.', Ai’i’dliti atinii, rnraa, anarj^y, ami |iraHNiiro am 
niitlti|.li(iil u liiitiilrniirnld, aiiii pnwiir a l.lKiiiaanil- 
r.iM, V'nliii'il.y ami aiigiilar vnlnaity mo iiiai'oaaad 
(■111 iLiiin'i. Kill wii iiliall Imi ijiiitii ijpiniaiil' of any 
I’liaiign. I'nr niir liiiioH am maaaiiiad by I ho aarlli'a 
I'lilalinii aliiiiit ilM a\ia. nr ila ruvniiitinti iibimt l.ho 
Him. and tliii iiralti nf iiioamimiiioiiL inuroiiHoa with 
lint i[iianLiiy In bu iiioamimd. 
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This argumonl ap)>lios so long as Llio foroos iu- 
volvod aro all pui'oly inoehanioal. IluL it broiilcH 
clown as soon as gravitational, molecular, or olootvio 
foroos ai'o brought into play. A moro inoroaso of 
velocity does not inoroaso gravitation, If tlio 
velocity of the oartli inoreasOH Lon times, the centri- 
fugal foroo ino’oasos a hundred times, and unless 
gravitational foroo iuoroaHos to the samo extent, 
the earth will Ily olf into spaeo. 

Wo do not know Avhat oonstitufcos gravitational 
force. Wo only have an imperfect equation for it, 
MM* 

viiii., ij./- whore I'' is the attraotion, MM' are tho 
masses, and 1) tho distance. 

Gravitation is not tho only force in want of a 
inoehanioal interpretation, All " actions at a dis- 
taneo” aro in tho same prodieamont. Goulomh’s 
laws of olootrio and magnotio attraction are im- 
porfeot in their dimensions, and elasticity, cjohosion, 
capillarity, and molecular forecs generally depend 
upon actions whioh wo aro as yet to a gi’oat extent 
iinrainiliar with. 

If tlie pace of tho world is accoloratod, and Llie 
world is still to go on as before, aU forcies, iiieelianiejd, 
gravitational, oloctrie, and niohseular, must lai in- 
creased in tho same proportieii viz,, as the s(piare 
of tho speoil. 

Matters are a little more complioated when iio(. 
only one, but all, (pnuititius are altered simultano- 
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»Mihly; liul tlio iliiiioiiHidnul calouliiB iij^ain i^lvoa uh 
II rnpiil iiioLliml (if (irrivlng al Lho now qiianliLioH, 

W(i liiivo minn Unit, tho unilH of lunj'tli and Urno 
aru roihiood 10'*" tiiimH, Uuih luavlng Llio volooiliofl 
iiiKihaiiguil. VoIniiioH aio I'oduood !()'"> UinoH, bub 
iniiBHim (tidy l.iiiuu), bliuH iinidyiiif' a doiwiby 10“ 
Union ^'roalor blian bofuro. Kloobrio (diai'ffOH ai'o 
iliininiKlnid an lint tmtiam rodbiif bUo maHH, id, 10**'’'' 
biiiii'H. 'J’lio iniu'oami or diminubum of any obluu' 
idiyiiioal ([uunliiy in (bjduoiblo iVoin bhoHO four, and 
a i!din|ilotd H(tb of lho pliyHliitd (lonHbanbH of blio iniVa> 
world in tlnm olilainud by iindbiplying blio now unibn 
iit ikOKiiidruiiio wibh bhu (liiiionHiontd fonnuliu, 1 
ii[i|Htnil a bidiln bolow, Tho lirnb oohnnn (^dvoa bho 
pliyaionl i|nunbitioH, blui Hiiiiond bhoir diinonnionH, 
and lint bhird lho oxtonl. bo whioh bhoy aro inoroandd 
(pofiirivo indox) or rodnood (nof^abivo indox) in blio 
inli'n'Wtii'ld, Thu (iloubrioid fnrinnliu aru baicou Ironi 
niy " I’lliKtlron Tlioory " (p. 
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Fi’Oiii Uiitt UhI il, woukl lio poHHililo U) oomjHlo ii 
"'PoxUiook of Pl\yHir..s for l.ho Infni-World 'J’lio 
world, HO (joUHtiUi 1.0(1, hiiH ovnr oUior iinagiimldo 
worlds tho f^roat lulvauUv^fo tlml. il. ivoUiiiily oxinl,M 
bofuro our oyoH, tliougli on iin oxcusKivoly nniuiUi 
HCalo, if, Llioroforo, wo conio u})on any impotiHi- 
billlioH or InconHiHLouciOH, wo oaiinoL ooiujludo lluU, 
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tho world oaiinot oxihL, but that tlioro ih somothing 
wrong witli onr doduotioiiH. 

'I.’hat all IbrooH aro roiluood in Iho Hanio proportion 
iH ovidoiit from tho fuot that thoy halamio oaoh 
othor, Tlnw, tho faot that an olootron oan maintain 
itH orint for ovou a i'raotion of a kodoiuI Hhr)WH that 
for that fmotiou - covering inillionH of iHivolntioiiH — 
itH (jonti'ifugal Ibroo has boon liidanocd by an 0(pial 
and opposite attraction. .If gravitation does not 
aoiKiunt for tliat, tlioro must bo hojuo otlior Ibroo 
whioh dooH, That is tlio inovitahlo oonolnsion, 
X''ortunatoly, wo aro acquaintod Avitli suoli a forco in 
tho nhapo of olootnmtatio attraotioii; liut if avo wore 
notj wo sliould uouo tlio loss ho drivon to oonoludo 
tiiat Koniu snoh forco oxisted. 

Again, wo sue that all luusHuriw aro inoroasod 10" 
timoti, and tlmt olustioity is inoroasod in tlio siuno 
proportion, Now, olasticity is tho prossiiro or tension 
roipiivod Lu jirodiioo a cortain purcoiitugo rodnetion 
or imiruiiHO in hmgth, I’lmsm'o in ibroo por unit 
aroa. b'oroo is rodiiood lO'*'* tiimm, lint area 1(1" 
tiinos; lionoc prossuro i.s inoroasod 10" tiiiios, Tho 
ooiii)>rusHiim por unit loiigtb would thortilbro bo 10" 
timoH wlint it is with ns, woro it not for tho fact ihat 
Llio dunsity ami olaiitioity aro inoroasod liy tho iiaiiio 
amount, loaving things jn.st us thoy woro. 

Again, a soooiids ponduiuui in tlio infra-world will 
bo 10'’“ l.iinos Hliortor tliivn ono in onr world, and Avill 
lioivt infra-HOOoiuls, For its [luriod is proportional to 
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y/~, wlioro Ms 0, longtli and g an aoooloi'alion. Tho 

longOh is roduood 1.0®* Limos, and tho aoooloration, 
howovor producod, is inoroasod 10*® Itmos. ilonoo 
tho quotiont is rodncod 1.0'HiinoH and tho poriodio 
tiino to*® timos, thus giving infra'SOOonds instead of 
Hooonds. 

KinoLio onovgy is proportional to mass, hnt it is 
raoro oonoontratod as regards volmno. .Tnfra-worlil 
bullots avo much sinallor than ours in proportion tf> 
thoiv ouorgy. Thoir bulk is a billion tirnos smidlor, 
but sinoo all substanooa aro 0()rroH])ondingly liardor, 
thoy aro not inoro ponotrativo than botoro. A 
romarkablo rodiiotion is tlrat of momonts of inertia, 
duo to tho simultanoouH roduotion of mass and 
length, 'L'ho roduotion is nooossary in order to ])ro- 
(luoo tlio proper amount of energy by rotation in a 
vory small orbit. 

In tho olootrioal (piautitios, what strilcfis one aro 
tho coiu])arativoly onormous olootrio surfaoo den- 
sity and iutonsity of magnotisiaion, Tho latter, in- 
croasod noarly a trillion timos, would liu tlio onvy of 
our olootrioal onginoors, Mlool.ric! tuirronts aro also 
oxtromoly powerful, being nearly a trillion times 
strougor than wo could pass through the eorro- 
sponding thieknoss of wire. Ihit tho heating elVeet 
is nineh loss marked, as eonductivity is iik. reused lO'i 
times. Inductance is as imich rudueed as coiidue- 
tivity is inoroasod, so that telephony ought to have 
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iiiiiflo gnmi NlritloH iu i.)io infra-world. HoUi Uio 
pnrnnttiliilily and Uui dioloofrio ooiihUvuI ai'o in- 
ni'oiiMod 10“*’ tiiiuiH, i'A, an niuoh an Lho longthn aro 
nnliKuitl, In ilut oaHo of tlio latlor (lho "npooilio 
indtiftiiva (ia|HU!ily tlio inovoano may ho iiilorproLod 
aa an inoroiaio in lho douHily and mohilily of lho 
infra-ohiolroiui. 

1 1 in aoon l.hon, ho far, Llial wo oan domn'iho lho 
pliyHidal coimiitulion of tlio infra-world with oon- 
aidorahln onididonoo. An allumpl can alHo bu made 
to arrivo iii Homo idea of lho iiHlvonomioal, 
ohomhiiil, and l>iolof<ioal <iondilionH provailing 
tluM'o, and laioh an uliomjtl nhall ho mado in whal 
folloWH. 

Kotk. 

Kiniftnumi’ii oxporiinonlH havo mado il oxlromoly 
prolmlilo llml tho whole of lho inaHH of an oloi!- 
tron in " olooironnignolio," i.t’., dno lo lho oloolrio 
oliai(.pt il oiu'i'iiiM. i), .), ThoniJion Iuih oahiulaLod llio 
" a|t)iafiinl nniMH" c»f an ohtolron fixtin ilii ohavjjfo, r, 
and ilH radiim, r, and lindu il lo ho i)i’o])ut’lional 

l<i If 70 ilonolofi Lho ina!t!i, wo Imvo a 

I 

nninoi'ioiil cotillinionl laiiiiff iindorHlood, 

Now, if all iiiaMiioM woro ilito lo fixso olmilrio (diui'ffOH, 
wo Hlnndd (nxpoot ovory poiidondilo body to ho 
ohai'i^'itd, and tho maj'iiiUido of lho oharj^o wonld ho 
oxproHHod liy <! *///(/'. 

Ono (iharKod body iniKhl rovolvo ahoul anolhor of 
oppoailo nif(n, ihu allraolion luting, hy Ooulomhn law, 
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pi'oporUoi\al to 


or, substituting tho values for e 


Now, it is oasily soon (and ])i’ovocl by tho oaloulus 
of dimensions) that if tlio inassos m and 7)?., avo 
altered in any ratio, and tho lengths rvy and it are 
altered in any other ratio, tho result will always boar 

tho same ratio to tho simple fraction • 

Now, if revolves about m, tho ooutrifugal force 
is Avhoro V is its orbital volooity. It follows 

immediately that if tho volooity is kept constant, 
and tho masses and distances altered in any ratio wo 
please, tho orbital motion will bo maintained. Ifor 
tho olootroistatio attraction will always ohange in tho 
same ratio as tho oontrifugal Jbroo, and will always 
just balance tho latter. 


II tho equation Bt= Vwi’ hold throughout nature, 
with a suitable dijlbrontialion of signs, all orbital 
motions coubl bo aooountod for ole(iLri<!ally. lint a 
more probaldo ocpiation is c = V'j/w, whore J) is tho 
average " workl density." 





IN ril A«AHTtt(»Nt)M Y 

1. It liu’i luHtii Hltiiwn, H(i i'ai’, ilml. (ho worhl ol' aliOnm 
(uiil iti II world whidh Ih iihymoidly and 

ifit'nliitiiit'ully iio|. ofintimhdly dtlViu'iinl I’niiu ilH 
tdtiid' diatiiioiioiiN liiiiiit' (Jiii nntiHl'it,iUioii iii' oloaU'ical 
Imi- ^mYliuiiiiiiid all.raoli<iH, and tliu mnoli groatoi' 
dniiif.Uit'H. jn'i'.HMiinm, and (ila')l.i(iil,i(iH jirovailiiig in Uio 
itdra wurld, 

Our ailanliiin ninal. Im now diroal.od tn whali may 
liM tudh'd lliti aa( ronuiiiy id' llio inl'i'a-world. And 
f.iufi) a'iti-iinoiiiy ia a, larjifii-HOnln fiaiiiiioo, wo hIiiiII 
liial many liidia IjoIwooii Uni infra-world and oiir 
own world. Tlui-io liidui aro duo 1.0 llio roniarludilo 
('irmntniluiM'o dial, (idway.a auii|in!iin)f llio iid'ra-world 
III lilt iuhidiiliid liy hoini^a liko oiiniolvoH), //la 
iil.j.il 1*1 ill I/ll’ in/ni irnrlil is mti’ of tint sinallrst 
fi.ihh; Itlijirli of oHV oil'll irortit. Ill oUlol' words, 
iho •’Murry Inmvoii.’i “ of llio infra-world a|)|)oar lo 
tin iiii a iiiiiiiilii mii’ro!ii!o|iii! apimlj. 

liiit llio iiiiiiiilo ii|ioi'lcn vinildo (,o iiii iiiivo vary 
divmi.ii mnmi iliilioiiM, ilonsit ion, and ohomina), pliyHioal, 
and Itiolojiioid proporlioa, and llio oliaiiros aro l.hiil 
mnn) of ilioni oorroapond in slriioliiro lo our viaildu 

It 
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univoi'so. As n irmlLoi.' ol' i'aot, oiu’ viHiblo univorHO 
rofloinbloa a rarofiofi gaa raUior tban a liquid or 
solid. Foi' tho avorago disdanoo botwoon tho uiolo- 
oulos ol' atiuospborio air is ’JOOO timos Lboir (liaiuoLor, 
whoroaa tho distanoo of tho noarost lixcd star is .*1000 
tiinos tho (liamotor of tho solar systoiu, and tho 
othor stars aro muoh Ihrtlior olf. Othor parts of 
our univorso aro, of oourso, nmoh doiisor, and apjn’oaoh 
moro olosoly to what wo may oall tho li(piid stato. 
But tho starry univorso imniodiatoly surrounding us 
oorrosponds to a gas, with solar systonis for inolo- 
oulos. 

For a solid lilco a oo))por wiro wo havo no analogy 
on our own world soalo, For tho atoms of oo^ipor 
aro so donsoly paokod us to bo in aotual oontaot, 
or ovon coiuprossod. If wo brouglit tho stars of tho 
Milky Way into actual oontaot, thoro would inevitably 
bo a groat oonllagration, in tho oourso of Avhioli thoir 
individuality would bo hopolossly lost. 'I’lioro is loss 
ohanco of tliat in tho infra-world, siuoo tho liardnoss 
of tho bodies i.s much groator, while tlio volooitios 
roiniiin tho saino. Ihit thoro is another oireiiinstanco 
which onahlos tho atoms — the solar system of the 
infra-world —to a|)proacli oaoh othor as far as tho 
orhits of their outermost olotstrons and yet remain 
soparato systonis, It is tho oiootrostatio ropiilsioii 
botwoon tho olootrons thus brought oloso togothor. 
Most atoms havo a largo nniidior of olootrons re- 
volving round tlujin, osLimatud in somo oases at 
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«in. r,d )uiuilr(t<i «r oviui lliouHtititl, llunjgU only Lwo 
i.r Ilf ilniHu urn over dultiolnid IVoiii Uuim. Tlioy 
MViiJvo in ull kindji uf mlnlH with viirioim itliuica, iin<l 
inii in thii mono dirooiinn, oxiiopt in Iho onao of Iho 
ntu;;inii iotml'utuni'iiM, Tin'll' olnirKOH tiro nonlralimid 
l.y il(M |H>!%iiivit of iho ooniml ftUnn, ho that, 

ik! OMiodili nililii iliiilunooH ilioy oxorl no ulooU'OHlallo 
iicii.m Thi'y muy Hiill, h'lwovnr, oxort ii niii|'nolio 
ui-ii-oi. I'Mr if I ho chmi rnnH rovolvo in tho Hanio 
M muK, finiy lutii'iiituto 11 nntloiinluv nMi}{ni)t., which 
ikii r»n(n or ruiuiln uiinilur HyoioniH, and may Hl/i-ongthon 
MU' ih" y'uiviiAiionnl nU.niolion holiWiion thorn. 

Ihil nliKii lwo iiuoh nyolmuH ooniO oIoho lof'ollior, 
ihrt k’lt >■' ii>ir>. hi’iiHf ouh'i'iinml, not upon oaoh other 
wiih ill" v.('ll kuinvn ohiotroutaiio ropnlHion, All 
lnl•l"<’llIut' |l|l•l|lot^•'nu |ioiut olourly to an attmotion 
hoivi.-ii iiiMiiri v.liirh i-'ivim way to a ropnlHion at 
I-!., o (|iuuitir s, uinl an oxjilanation of thin nilo, 
.iUlnoiLdi I""."! v.ilh many dillioultiofi, inuHt ho 
|.nd..n| flit in iiioiiM ounli lino ol I'oiinonini'. 

■|'h" V. ill liilui ii[i [loiiil ioiifi of oquilihriniu 

ih. umd I'V ih.’ir (p'livitui ioiiiil and miii'iioliii nltrao- 
ti..n and olm ii"'.liiiio t'oi'idaion. ‘nio iiyaionm of 
.quddirntm v.dl uhvi.iii’ily dopond U|irin tlio iniiiiboi' 
ol ..h.ii-n'. and ihoir mhila, and adl vary from ono 
fij.K.'ii I' "1 uloni'i lo anol hor. I Im iiai'a-miif^iictio 
uiotna, nr ihii’ui wln'fiO olnolruim rovolvo in an ooliptio 
plaim him our plaiiolH, will form limiH or nloHod 
kdiuiuH in oliiidii'iioo In thoir inaKtiotio attraotioii. 
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ThoBO chains will malco the sLruotin'o of Oho inagnotio 
olomonLs moro oomplox than that of non-iuagnotio 
olomonts. 

When two atoms oomo into contact without hoing 
ci'owclod by othoi's, as, for instanoo, in a gas, it nuiy 
woll happen tliat ono of tho olootrons gets dotaohoil 
from ono atom and dosorihos an mbit round tho 
other. It is just as if a Oontauri, for instanoo, woro 
close enough to our solar system to oapturo Noptuno, 
With a suitablo speed, tho two solar systoms would 
combine and rovolvo about oach other, and our 
system would booomo a double star liko most of 
tho other visible stars. 

2, Now, imagino two neutral atoms in tho infra- 
world. d.’o tho infra-man they appear as stEU's or 
suns, not necessarily single sphoros, liko our sun, but 
possibly larger aggregations of such sphoros, liko 
heaps of cannon-balls, provontod from eoalesoing by 
thoir strong ooliosion and groat hardness, i'laoh of 
thoHQ suns, whether siinplo or composite, is surrounded 
by oloetrons revolving iir all dirootimis eis irregular 
Eis the SEVtollitOH of Uranus or the now satellite of 
Hatuni. Tho total clmrgo of tho oloetrEEus is neulrEi- 
lisod by the positive eluirgo of tho oonti'Eil body, so 
that any single olootron, roniovod some distEiuoo IVoni 
tlio system, is subjecLod to eui attraclion ocpiEil to tlio 
repulsion liotwoon two olootrons at tho same disLanoo. 
'L'ho system from which tbo olootron is roiiiEivod 
IjocomoH what is CExllod a "positive Eitom," If, on 
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«l«»i litiiKl, tt lunv I'lui'inm (or "inlVu-ijlnnot'' ) 

(»» IoiUhwj' it'iii, U ki liuior iiiit!om(tHa“noj'alivo 
‘ Ir I!, iih^junti ilml, only tlioHo oliiiitvoim will 
In' lo |i>,v. »iljioli liuvit oiiluir vory lurgo »)r vory 
nn « . niio- Mil.iiw, ,Mi>l iw ii mil! Ilii) Mtiiuii filom (siuiuoL 
1.^ ■- ilion i\i«t nr tlu'itii nt llio moHl,. 

1 'vh< nn‘:ii lU .inio hv«l*’init, t hull, ii|ti»rouoh (HUih ol-lior 
. J(, Jlc4i mot nhtttlroii in Unnslonitil from oiio 

• Thi’i ii'iiimfi'r immuiliiUolyKolHup 
,■54 . J' .'ir*' '.inio iiHiai'iioii holwtioit l,ho iwo (lyHloniH, 

• jHi tl fh>' oMuo'iitiii liMlwiton ti hiiiglo olootvon nntl 

ii jt-.--.il ill o a!<ini, 'I'ho fulnro luiliavlonr of Urn 

i, <.- will ito]ii<iii| upon Uuiir original Hpood. 

Is tin' it i’\f> •! -ivo, tlmy will lly ajmrl. again no 
I * ! at iii'iiiriil altiinn, liul- ono of llioin a {loHilivo 

j-i a.-t ilo' "ilo'r a iiogalivo al-oiii. Hut if Uio 
. I i<t oi't.iiinilo, llioy will rovolvo round oaidi 
r o.tl iniiu a liinary. Noodlonn l,o nay, I, ho 
,.'u' (->1) 1 will ha inm li nlnwor Ilian llio rovoluUon 
- ■ > !• tiT'ii- in tlioii' mliit't, lioih on muioiinl of ihu 
,'vt ill ' tiii'ti a|iiii 1 . and till! gntaloi' iiianH ol Uio 

j. i ..l-i!iii; h"'li‘' i Ihililm 'iiir iifil nniomyi tilio iiilVa- 
, *' -ii-.niv It "hligii'l In lu'KiiowliHijp) a (iopondunco 

It!-’ i-i ni\ tiliH loll upon l-lio miififi of Llio I'o- 
l.jio: li.-i'i, iiint'o I ho Imi'o i'l iiiaiiily I’loolrioal, and 
f It -t j.i -ijioi I imod I'l till! inii!iiio!i, lull lo ( Im oliargon. 
A’Ih 1 llio itniiilov, llio jirolmliilil ii-;i iil'o l.liaL llio 
ilo lion hoo'iotii'i an " iiiforior jiliuior’ in 
ii.n 1 ipiuliii'' iViii’iu, 0 " ilial. it I'uiiM no rink of 
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boing rooapUirod, Tlio iufi'a-man Ihoi'oforo lian tlio 
gorgeous spoctaclo ol' two suns uKiiostioiilly rovolviug 
round oaoh other, oaoli attended with its planets, one 
of them being transforrod from one system to another 
as a pledge of union. 

Tho abovo process is what happens in the forma- 
tion of, say, a hydrogen molooulo. Tlio molounlo is 
roally a binary star oonsisting of two atoms linked 
by olootrostalio foreo, If tho speed of oneountor is 
excessive tho result is two froo-ilying atoms, one 
ivith a positive and tho otlior with a negative ele- 
mentary charge. Needless to say, when twr) such 
atoms moot again their union is oonsidorably faci- 
litated by their olootrostiitic attraotion. 

When from any oauso tho molooulo is sjilit up, 
oaoh atom will take its own olootrons away with it. 
and tho atoms will oonstitnto what is called "nasoont 
hydrogen,” It is easily soon that tho latter must 
possess mere proneunood ooinhining )iro])ortios than 
neutral hydrogen, Tho H)>litting-np of molooules 
into charged atomio systems is called ionisation, 
Snell ionisation may ho brought about not only by 
eullision, but by a numbor of other agonoies, siieli 
as lliVnlgon ray,s, or idtra-violot light. 'I'lioro are 
probably also eases of what may ho called spoiitanuons 
ioni.sation, brought about as follows: — 

'I’bo supoi'ior or outer oloctrons ol’ each systoin 
revolve undor the attraction of the central positive 
body, They nndorgo porturliations by tlie otlier 

I) 
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uh’n'h iMTitiiUnftny Rulijtml, thorn to a 
rojoibi'tii iis ihoy ii]i|mmi!h ihoiii in wlmt 
%'ut <*iiU *■ rt.iijuiuTiHii." A't ft irulo, Ihoso 

lilut tinmi* in iho wilin' HyHtom, aro 
jiMi hi'tiiK t>nU‘»'iKht'(l hy thti much gi'ofttor 

bUm'U'-h «h<' oi'innil htiily, tuul ftlmi, to mnno 
riiMii. 1 y ih«! nil I'.tiviilynmnit: (" nirti^'iiutic") attrao« 
•s a !hii nttiviii^' iihuilrtuiH, Hut ovory now 

Bu i lh> u h win Ituyju'u ihat a largnr iminhor uf 
, 3, -jj'i «u>- III inmiilnn', ami tiu'U tho 

mu ■'■,1 -<»• !> wiUftluml in iltuiK'or nf Imiuif oxpullod 
Sk ?ai ’hi ir miIhI-. uiitl :.iil rmuitiliK at lai'fj[». Tho 

L 3 .. j.h S .ft .-tui'h a nmi itu'i'uny liajijuminjf (lopoiulw, 

.ft . .nm>i nj.-fti a \iui>'ly u! tiinmiiiHl.ftiuiOH, mu'.h ftH 
*,h»' ‘ft.j u. ! aii.l ' i.'it 111 lliii i!i'(ilrftl limly, tlio iHh™ 
ir . 1 ' 5 ' 5 - it aii'i iiiiinl’cr nl lint I'li’iili'iiiiH, I'vo. It may 
Tt.iU !»»5.y'U fh.tf U-. tlm tn'iiinil Imily iminia.wm in 
'it-' Ui.i hii"'‘'l Ilf l•\llul{iillIl riM'illattiH hutwoon 
1 sftiM.i • T -ft mauma ami iiiinimu. At thn minima 
tJ.. .".ftit •...■uM liavn 1,1(1! Ki'iiatiutt ability to talco up 


I it , 

ti, '.’4 'Ito !'■ •! 
ti • ■ b"' lii’t' 

i >, . r- -lii-v In 

j.>- i'lal !i ft'-ni 


liiit I hi:. [irori'.'iM woiilil lio muah 
..I i-btrlri'ic;. owiiif' to tlm rnpiil- 
t'loi’.i iniia V. Iiii’li wiiuM havo lo 
-iliiiri, it i.’i muiili oiiiiior lor a 
lii'.o an oloolroit than to ai'ipiiro 


UH » 4 * f i* " *Si»* 

11' t.i -A.i ha%». lh> Ji, -.oiiioiliiiiK nxi'lanation 

•s df- ri'i'ix-lio haw in il:i I'li'oli'o-olinniittal ftHpoiit. 
A-> H.i jn..i t’i''i truin lowor I" hi[.!:hor utoiiiit! woiL,dilH, 
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the olomonts become alternately olootro-positivo 
(liable to lose one or more electrons) and oloctro- 
nogative (able to take up an additional electron). 
Tho former are more numerous than the latter, 

Both kinds of atoms are, of courso, liable to both 
loss and gain of electrons. Thus ohlorino, which 
gains an electron easily, is just as well able tt) form 
molecules as hydrogen, which loses them easily. 
But when ohlorino raolooulos and hydrogen molo- 
oules moot, tho positive hydrogen atom quickly joins 
the negative ohlorino atom, while tho negative 
hydrogen atom as quickly pa.ssos its suporlhious 
electron over to tho positive chlorine atom, and thou 
loses another olootron to it. Tho union liotwoon tho 
two hydrogen and tho two chlorine atoms is thus 
dissolved, and two molooulos of hydroclilorio acid 
are formed instead of tho original molecules. I’his 
change, which liboratos a considorablo potential 
energy, gives rise to a groat speed of translation 
or rotation of tho combining bodies, which to us 
appears as heat. 

I’o give a inoro graphic picturo of tho, so ooourronoos 
than can be obtained by a toclmioal do.sorijition, wu 
may put them into t,ho form of a (dironiclo of an 
infra-world observatory situatod, say, on an olootron 
which wo will call Talav,* rovolviug round a bydrogoir 
atom namod Groan,' containod in a gas eontaiiung 
other hydrogen and chlorino atoms. Talav in an 
I Thoflo namoa aro tl»o Irlnh (KjnivaUintH of "o/irth" loul “ 
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iintor jtliiiitiil tif (iniiui. 'I'liu tmtor plauoLB mo called 
IViiuin. Stu:ui»lit. nnd 'rorliii, in (irdtir of dmtauoo. 
i 4 l»(.*r Mui’rt !tn» oidlod Al[»ha, UoLti, i*feo, 

Fnrin //('■ Hu tu-ih ttf ihf 'l'(ttiu) Olmmiator}/, 

IV '.' .ful'i L Thin ytnir'H tumjiuvoUon of 

I'siiiu;i I'^r.'uiid.n Mid 'IVi'lk ir. louktul fonviu'd to 
M«*h . Mil «>iri.ddti iith'i'tv.t., 'I'orua will (iiu'liiinly bo 
1.4 !•( Msu' .yj-attiu if whi! lUidi'i'f'iujH any iiddiUonal 

utsJn.od |«'rlurb;iiiini, 

O ' I, I'll nit,d»‘!' oliHorvai.iiiu'i nhow Lhal. Uio 
f..i(5<iuu-ii..)i It'*! i’\iM‘llrid Ti'i'l.iii. She in thoi'o* 

i-.i.- f..r un.iilif'r V;; yi'ani, imloHs fioinoUung 
( tit I'.oiiuary 

r- i-' i. FF<. ... All unknown oomol. ban boon 
j.i ’ 5 a< i in lb'? "rbiial |iliuin "f Sonuiiila. Ajiproaiiliing 

V, s' i, „ y i.f In' cin. pt-r !ii'i;i>nd, uinl will paim (Iniau 

„< b,tU Tnlav'aiii'ii ni''". Will pf'-balily joinniir nynloui. 

i‘. I. St'v- luMia iiiit. Ill bo a plaiiol. of 

)h. iii'l ina'.i "f 'I’alav, and aaiiio cliargo. Ilan 
s ail'd <■?•.!• ■.V'.i'-iM. and will bavn an orbit, of groat, 

. : Ji I'-it V . •”il'’ndini; ('"iiaidorably biiyond t.bat, o( 

I > i M 

p, d/. 1.'. Now ]iliui<tl ill appi'iiaoli- 

!B. * .*p ■ I'lii i-i i.li'iwing dooiilod port.nrbalion.a, 

h .*j. diaro'l by (dl nlhor pliuiot.n, Tbn.'ui ai'o 
.• . iu!> and ]ioi'i"dii’. I’t'i'ind uiitimatod at, Uiroo 
In. 
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April 4. — Now planet’s orbit has bccoino parabolic 
uiidor influonco of oosinio porturbatiouR, and tlio 
planot will bo lost to our syHtoin. 

{Terrestrial JVoio.— The abovo ontrios roprosont a 
case of ionisation by nltra-violot light.) 

Year 6352, June IG. — Tho approaching conjunc- 
tion is oxpoctod to pass off without unusual dovolop- 
monts, in spito of tho oosinic perturbations, which 
arc too fooblo to allbot Tortia’s orbit. 

Nov. 6. — A pulso of unusual strength travelled 
through our system to-day. It was first do tooted at 
O.IG A.M., whon Tortia began to show a considorablo 
acooloration. At noon a similar acooloration was 
observed in Soounda, and Priina, now in opposition, 
cdiowod a retardation, first discovered at 4 I’.M. I’he 
pulso lasted for about half-an-hour. 

Nov. G. — Two more pulses travollod through our 
system to-day, one boginniug at 2 a.m. and tho other 
at 4.30 A.M. 

Nov. 7. — I'our moro pulses to-day, one in tho 
morning and three in tho aftornoon. 'I'ho ])u)moh are 
now ascribed to collisions of tho Now rianot of .6286 
with tho system of Clauiina, Avliioh is ap])roa(!hing. 

Nuv. 10. — Tortia ajjpoara to bo doliuitoly lost. 
Tho pulses at conjuiuition sulllcod to make her orbit 
hyperbolic. 

Few 63G2, Julu 15. — Tortia has dwindled l,o a 
star of 12th magnitude. Gamma is approaching at 
a speed of about iO* cm. per second. 
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'*•4 

f Jr 4 -v?! !-«.(> A*«.fc, TJio uhovi! outrioH roprosonb a 
cam rayn.) 

r r ■'>’<■ Mtitili intoruMt hiw boon 

*• 'S4i™i h%, fh«- ilifti tht! niution of (huuma 

. (« » a ji.j.vtjiHiM*! Jurat ion, ilirccittd lowai'da onr 

ittutobtratioa of tUo inolion 
» Uu--*u b.t'i t • < u jtr.tvoii to cxiMi by tmiiummfi lixod- 

S a? ' !-■ I III 

1 b*t ttcftoloralion td llui jiropor uiotkms 
! »*#, .«■.„ ai.'i tMiJuiift t'rofttly tixfiooibi that atlrb 
1 ■ .'l l'. ?. * /irtViis'k-u, It in now HiipjaiHiul Uiat 
1 4 1 , ...f: Si .ft an oxlra jibinut-, tbliH giving 

, .» ' o-'fl*. 5 V!' > j.Mliitnoiit to aoomint, tor Mio 

j . j. 1. tfiimiiift Ih now Huon to 

V, • « 3 It;t (luiiimci) iri oHtiinaloil 

■ 0* , ;... 

; . iJsSMioii i*> ii'<w Moon uh a largo Htar 
,H, <,\v t - foo Mil!.'!- [.lanolM, Tlio innonnoNt of 
. . :i r. .’r.ob*. v.ith ouii.'.itloraiilo oiioonlrioity. 

I 3 3 1 .-i I'lixiiftlly itloioilioii with tlu) now 

^ , ,• .IM, Tlmin in (oony likolibood 

• ■; , .... , .;,v r.'d ml-' H I'iimi'y. 'riio oluiiionlH 

■.•-•ii -O', ivii olli|.iio orbit round our 
‘ o! ('(ftt. il V. 

i: now fully vinibln with tho 
; •. ■'!)> «-a>‘ iolitli ibo ililUnntor olMlrnan, 

1 ?,-. If . .3 III opjio.-iiiiou, and tliuru m pur- 
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pofcual day. Tho period of our common revolution 
is estimated at 11.36 years. 

{Terrestrial Note . — The above ontrio.s represent 
the formation of a hydrogen moloculo from a 
positive atom — Groan, and a nogativo atom — 
Gamma,) 

Year 5880, Jan, 10.' — A largo number of now 
stars appeared last night near tho polo of tho 
Eoliptio, Boforo dawn 80 wore counted. Spectro- 
scopic observations indicate a speed of lOw cm. 
per second. 

Jan. 11, 8 P.M. — One of tho now stars just passed 
Talav within ton diameters, producing considerable 
tidal action. Tho velocity of tho body was enormous, 
the passage from horizon to horizon occu] >ying only 
a quarter of an hour. 

4 P.M.— Gamma has boon struclc by two of tho 
shooting stars. Tho system of Gamma shows con- 
siderable perturbation, 

Jan. 12, midnigid . — Twelve moro bodies have 
passed. It is impossible to oaiculato their probal)lo 
oli'oct at present. 'L'ho bodios arc ])lanots ol’ mass, 
dianroLor, and charge same as 'I’alav. 

March 15. — Tlio phonomoiuil invasion of planuts 
of January last has had the oli'oct of dLssolving our 
binary. Gamma is moving away witli s])ood siilli- 
ciont to romovo it from Groan’s infliiouco. Our 
systom is still short by ono ])lauot, thus giving it 
an olomontary positive chargo. 
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{Tri'mihuitl Nnte.~-~Thi) abovo onl-rioH ropi'OHonL a 
taiHu nf iuniHiil iou by oaUiodo raya.) 

■1, 'I'hiH KlvOlob rojU'OHonl..s, aa (iloaoly aa wo know il;, 
Uiti aaHial appaaraiKUtH which would bo piusouLod Lo 
ail uliHorvoi' rcductal l.u a aizo dompavablo wiLh an 
fhn’d'oii iuMload ol' tho oarlh. who itioiiHurod Ida 
ruiit'H by iho rovoluliouH of hia oloiiU'ojia iiiaload of 
llio rovolulioiiM (.r llio oarUi. Tlio ovonl.a which Lo 
UH uro oruwdod iuLo a billionth of a aocond would 
lltt'O apiiiair lo oonuiiy aovoml hoiira, and tho Li’O- 
mondoiiM and rar-roaidiinij; ohomitial and phyaiual 
iduuiK'''H wiiidd bo aproad over vovy lonj' inlorvala 
of tiiiio, niakiniJi: Uiom praolhially ol' aa liLtlo 
iiillui’iitto to tho daily rd'o of tho iufm-mon aa Lho 
propor iiiolion.'i ol lho atara aro Lo ua, 
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OPTICS, (JHKMISTllY, AND BIOLOOY 
OP TUB m.VUA-\Y()ULJ) 

1. In orclor to arrivo at somo idea of tlio olioniioal 
struoturo of tlio pknots of tho infra-world on tho 
basis of tho general considorations advantmd in 
Ohaptor IV., wo must carry tho fundainontal 
analogies to thoir logical conclusion. Wo have 
soon that in both our world and tho infra-world 
volooitios aro of tho same ordor of maguitudo, 
while lengths aro reduced in tho ratio of 'LO-® : 1. 
Wo have also taken it for granted that tho infra- 
world has an atomic constitution — an assumption 
which must hold tho Hold until somo other con- 
stitution will have boon proved to bo thiulcablo. 
Given this atomic constitution, there will bo an 
iufra-chomistvy as well us an infra-astronomy, But 
chomistry not only rocpiiros atoms, but olo(;trons as 
well. In fact, tlio familiar maoliiuory of chumisi.ry 
(now ])ractioally vosolvod into oloctrioity and tbormo- 
dynamios) must bo thoro in all its ossontial foalsiros, 
Tho other being uncliaugod, tho motions of tho 

infra-oloctrons will produoo othor-wavos othor- 

wiso light — and, to comploto tho analogy, tho 

57 
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wavo-longth of lliia liglib mtinb on bho avorago bo 
X0“ bimoH smalloi' bhaii bho lighb viKiblo bo our 
own oyos. Tho volooiby of propagation being bho 
Hamo as that of our light, tho uumbor of rovolu- 
tioua por Hooond for bho intra-oloobrons muHb bo 
tiinOH that of tho oloobrons, and times that 
t)f our oartli. Whab moohaniHiu will bo nooossary 
for Buoh a rate of rovolutiou ? 

Tho dimonaional oalenlua will again onablo us to 
Holvo this problom al. a glauoo. Wupposo that bho 
fuudamoubal (pumtitioH M, L, T, ajid I'l aro changed 
ovor again in bho same ratio as bolbro. Thoy will 
now boftomo 10 to 10 and 10 timos 
what thoy aro in our world. Hub tho tablo on p. IK) 
Hlunvfl l.liab oloc.troHtatio ati.raotion and contrifugal 
forco will no longer balance each other, since tho 
lal.tor is again rodiuaxl to 10 and tho former only 
to 10 In other words, tho eloctrio attraction 
between an infra-atom and its attondant infra- 
oleebrou will bo 10'-^ timos too groat to balance 
tho (iontrifugal force. Ilonco there will bo no 
.Hoparation between atoms and electrons, and no 
light or ohonuisul action, 

Now wo have a (dioieo botwoou two alternatives. 
Either we assume that tho inlVa-inlViirWorld boar.s 
the samo relation to the infra-world as tho latter 
does to our worbl, in which ease, as wo have soon, 
no infra-light is po,s.siblo, and tho infra-world is 
dark; or wo ivssumo that olootrio (ihargos aro not 
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influoncect by tho avorago density of tho bodies 
beyond a certain density. To understand tlio 
signilioanoo of tbo latter assumption wo must 
return to p, 43, whore tho oloctrio charge of a 
body is expressed by = D Jmr, and D is tho 
average density of tho universe in guostion, m is 
tho mass, and r tho radius of a planetary body in 
it. Tho D was introduced in order to bring tho 
oloctrio charge of an electron up to a point suliioiont 
to replace gravitational attraction. But Maxwell’s 
original equation for tho relation botwoon mass and 

charge is m =!■“, or e = If this equation 

holds good for tho infra-olootron, its olmrgo will bo 
l()-88.6 Qf electron, instead of and tho 

eloctrostatic attraction will bo reduced 10“» times — 
ie., in the same proportion as the centrifugal force, 
Thoroforo tho electric force will balance tho centri- 
fugal force, as in tho infra- world, and luminoius 
vibrations and ohomical action aro possible. 

Tho light of tho infra-world, liko any other 
transverse other disturbance, will have a volocily 
of 3 X IQi® cm. per socond. It will, thoroforo, pass 
out of tho atomic systom in something lilt .0 a 
trillionth of a socond, but aiuco tho scale of time 
is also roducod, tho same passage will take 10,000 
iufra-HOConds, or somotlung under throo infra-hours, 
d'ho velocity of light will, thoroforo, play tho same 
part in tho infra-world as it doos in our world, 
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At* iiulf*nthiiii!,r (jtioHtioii ntiw (ivIkoh an to what 
jiiirl I ht» lie'll! m!' i!tt( infm-wiu-ltl playn in tmv world: 
t '.mi wo lii'o it. „r toll iifi oxinltuico i)i atiy way ? Tho 
in. thul hifra Ip'ht w oxtrouio ultra-violot 
iUitl ijuit.i (lur iiit'uuH uf inonHiiroiiiont. 

w.. JIMVIO-,.?* HM iiiairnmoiil (iapiiMo of diructly iudi- 
'■II* mo-' itilV.* ov.Mi il' it (ixi.HtH. lint itn hidiroot 
rUh t't k urn *(><I hrytuul liupi! uf tlimiovory, r/iglit JH 
lliMOii IM u imnr.tjjlihli) oUtuil, upon ooiiioIh’ 

II inir.i liifht oxt-rls an olVoot tijioii tho 
,4 oliM-inui'i, it may, ai, Homo I'utiiro timo, 
p*r,>,ii,l„ |,i ii-ui't. fiimh ollhct. Tho iiioHt 
iitti H ntHtaiico. lu (iliuw .Miidi an olVuot aro tho 
r.i*ii««..ar!ivn ami it will ho romomhorod 

UiRl l'i.4. and Madamo diirio aHHiimod tho 

I » .4 aMiut' rtut'h radiation (,o aocoiint for 
sSo' -la r^'y mC radium, 

Allh'iii.di miVa-lhdii i;i I'xtromoly roohlo, it imwt 
ti.» 5 ui isd'i'iiid iliai it' it. i;, nmitlod hy inrra"olooti'ouH 
r,i jm*-.! !.»’ i iuitliid hy llo' whnhi viiuldo univorHo. 
I'-r i!»<! -vi'.iiih’ nnivi’i''.>t iji nii.oxi.nnr.ivo with tho 
v,..|'!d. I h.i laiii'r ill a world witliin a worhl. 
I" i.^pli'W till' inlra-woi’ld iiisitnad ol' I, Ida world 
|j •;.>(!»■» him: Idii' drawiiii' l.lio |)laii of a houno 
i!,x*>'.id "t a iiiap 111 lint I I'l'i'i'.'.l rial f'lolio, 

S'udr.dif nuiy i-'iiil.un infra-light aft ono of itH 
I’ms;/ iiiii.n* lint i.iiion light ia only almorhod hy 
ihi-!r’<n!i havijtg a poriod akin to ila own, infra- 
hghf I'l oidv aloorlii'd hy infraailool roiiH, and itn 
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effect on the whole electron is likoly to remain 
unclisoovorablo. 

Hero, then, wo have a remarkable rosult. The 
world may bo blazing Avith a powerful light qnibo 
inaocossiblo to our proKont senses, and quite un- 
disoovorablo to our instruments, and yet it may 
(unliko oxtrorao ultra-violet light as hitherto known) 
have a Avholo Avorld of rospnnsivo substauoos to act 
upon. This light will make up a considerable 
portion of the onorgy passing througli the other, 
and wo may never bo able to detect it, Yot it 
is absorbed by matter (by inha-oloctrons, in fact,) ; 
but the effects of such absorption aro internal, 
and are embodied in small-scale pliouomona in 
the inli'ivworld, just as .simlight is absorliod by 
the earth without perceptibly aff'oeting its annual 
period of revolution. 

2. Infm-Ghetiiidry , — It is a mistake to su))])()So 
that the enormous density of tho objocts of the 
infra-world — 10^^ times that of Avator — precludes (.ho 
hajiponing of (die ordinary ^diysioal and ohomi(ial 
events known to us. Licpiid and gaseous sl.al.os are 
quite as jaissiblo there as they aro in our world. 
A solid state implies tluU, the al.oms aro ,so elo.sely 
packed as to admit no di.splacomont among each 
other. In a liquid sl,al,o this struolure is looHonod 
to sucli an o.Atoiit that tiio al.oms aro rarely oul, of 
each, other’s range of gravilnlional attraotion, Imt 
still aro free to change thoir groupijig. A gaseous 
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Mitttis implioa u kck of doiiHity suoli that atoms 
ure iiitiHt Ilf iho timo boyond gravit.ational rango— 
i.t\, that tlmir sniiUims aro not sonsibly tiUbotod by 
gritvil al iuiml iitl ruction, 

Tint oxiutonco t.f thoKo status dopends in tho 
juiun upon "lompornluro," or moan kinotio onorgy. 
Nuw. a groHily incrimKod donsity, svioln as wo liavo 
in tho infra-world . moans a groatly-iiuiroasod oo- 
hohi.iti, li dot's not moan that a larger proportion 
of tho Hpai'o oi’iiupioil liy a Itudy is ocoupiod by its 
nmii iiid Mdihianctt, and a Hmallor ])ro])ortion by 
(hit olhir. Wo litivo, indood, supposoil all along 
flitif iht! proporlion is Uio samo as in onr world 
iroi’koidng aloioh iiiol oUKitrona as "solid"), It 
fdniply nioaiiM thul iho jiartiolos cionstituting tho 
ultun or oli'olron aro Iti*' linios donsor than tho 
utonui tir tdiiotrons ihoni.stdvo.s, just as thoso, again, 
art! doioior tliun tho oarth or sim. 

'rio' ini routaal cohoHioii, whilo giving tho oloo- 
iron I ho ut'ia''isury powor of roaisling disintogration 
l.y olofirio ftinat.’i. ia inmgialtlo of niaiut'ainiiig tho 
mah-riiil of ilo' oli-otron in a pormaiiontly solid 
l‘'i>r I, lot muiio doiaoty that hriiigs about tho 
ini'ri'U’.i tl ('"ltii’4iin ul.’io hriiig.s (dmiit an inoroaso of 
notiui iuuoi it! onorgy, othitrwijui timn»iirattn'o, Ilonoo, 
tho ''at'an" on tho Hurliico of tlio olootron can lio 
liipiiil although of oxtromo spooifa: gravity. 

Most oliomioa! aotioiifi wo know of oconr in tho 
Ihpiiil .’ilutu. (iivon tho throo statos of aggrogu- 
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tion, a suibablo tomporaturo, and powerful olootrio 
foroGS, wo only require difforoncos of olomonbary 
subsbanco in order bo have wliab wo call oliomical 
action. 

Difforoncos of substance imply, as wo know, clillbr- 
onces of atomic woighb. Talcing the atomio weight 
as the solo critorion of olomontary substance, wo 
find loss than a hundred olomontary substanoos in 
our world. Thoro is at prosont no ovidonco that tho 
stars aro graduated in a dofiuito series of inoronsing 
weights. If they wore, and wo could dotormiuo 
their weights, wo might, putting stars for aton\s, 
make out how many “substanoos” constitute tho 
supra-world. If thoro is an infiuito gradation of 
weights, and no corresponding planetary or oloc- 
trioal difforonco botwoon tho various stars, wo 
must conoludo that thoro is no "supra-ohomistry.” 
In our prosont ignorance on this ])oint, wo cannot 
judge by analogy as to tho substances, consisting of 
infra-atoms, which coustitubo tho infra-world. But 
if thoro is a much greater sj^ocialisabion of mattor 
in our world than in tho supra-world, wo may lalco 
it that tho chomical substanoos of tho iuiVa-woi'ld 
aro hotter doliuod than ours, and fowor in numbor, 
with larger ga])s botwoon siuajossivo al.oioic weights. 
This would givo tho infra-atoms that greater stalslil.y 
which would bo nooossary to resist tho furtlior in- 
croaao of olootrio disiutograting lorco and thogroator 
energy of chomical roaotion. 
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ortfrj'y hi i.n a pav wiUi Lho groator 
» MriittiiN, luiil wii h ilm jtiuj(j (jf uvouIh gono- 
i.»l!y Hi Jim iuint wnrltl. llolitUvttly, huwovur, Llioro 
!■> i4-< . '/..'iiii.a tliilW.Jiitnj litUwDuii iiilVn-ohoniical 
j«!i> ii>» Hii«l ilitt clunHiiuil pluitKimona of Uiw 

(iivfn a roguifiilo atnoiml, and 
5.!J;4 ,i n«. .-!t.Hn.->d, i ltM'ii'ioul, i hi'niuU, ami (ihoinusal 
j- "r. -u. uH ii4a» j'liyi.iult'i'Jfitl aolivily Iooiuh into Lho 
«• *hi( .»k rh> ji • ‘rim fowiKiHH Ilf Uu! (ihomioal 

■ !>-. 4t 54* . i»>4 |/.u' iniiifiM liiidiigy,Mhii!(i lho olouionlH 

> lil'n iti'o o.iiuji.tl'.ilivnly fow — .|ivo or SIX 

■ m" *•! 4 litlliilri'il. 

Mhss tM. Ilf mul.oi'iitl lifo is liiiiiLod lo 

» .Oi l j'l- '.iUMii:! rni;.! nf ii ttiiiglo plaiioL, or Lwo 
Kiki'ii .Old Mar.i. Ill lho umaL, Tliuro ia, of 
. I" [ii'iivo ilial. "ili-ail iiuil.I.or" may 

' I" - >i iiiiili Miioo kind of rmUmojiLary 
■ ; . k -ijiiM Wo iMu I'l-rlainly ili.'ilhiguiah lioLh 
, s'l ioi. n" o i ami a ruirmii'iiLnry I’orma- 

•. > d'-.f :n ittiir'ouiir Mili.'il iiiu'i'ii, liolli |iliono- 

'...■tn ..i. -'i. us'hi’iii’ ;;miiioI liin;; of lho iialiiivo of 
in. ll.'.n o'-ivi h.i fiir ii:i 1,0 Iraoo whaL lio 
. , li i. '.j I'l 'luiioliih ill iiiolal.’i, liiiL jihy.'ii- 

i a! l.Sii, .’io I'.illnl, ItlVolv'i’.'l a Mol. ol 

,L,i. iki.d oiaii'aii"H'. wliir'li ai'o oloarly markod 

■ t} o 'fa !h*' ' li oi'.o- . iifi-iuring in doad loaLlor, and 
o is!' h -i!'- in.aiial'lv ii' i''iin|iaiui'd ifnol, ooudil.ioiuid 

’f'V fho i<i« iioo of l■ol•lllin oarlion and niLi'ogon 
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componiicls of romai’kablo instability. Wlion, in any 
aggregation of solid and liquid xnattor, tlioso com- 
pounds aro continually formed and destroyed, and 
when the enoi’gy thus liberated is directed towards 
' increasing this metabolism and making it more per- 
manent, wo diagnose the presence of organic lifo, 
Perhaps the nearest physical counterpart to an 
organism is a flarno. In a ilamo there is a dolinito 
chemical change going on whoso olfoct is dirootod 
towards its own stability, and is derived from tho 
energy liberated in tho change. There is also a 
constant change of tho matter constituting tho 
flame, and oven a differentiation of parts, oorabus- 
tiblo matter being taken in and mixed with oxygen 
below, and products of combustion being eliminated 
above. There is also growth to a maxinnim de- 
pending on tho conditions of “ nutrition.” Tliere is 
death when tho nutrition falls below a certain mini- 
miuri. Flames aro oa])ablo both of union and lission, 
and tho latter is indeed tho common method of 
propagation. As regards tho sui)ply of energy and 
tho linnl products of its transformation, tho Ilamo 
rosomblos tho animal vatlior than tho vogotablo 
kingdom. Jhit tho analogy can bo carried muuli 
further, thongli in doing so it tends to l)ocomo more 
and more .su])orlieial. Tims, in ligliting a candle wo 
strike a match. Tlio head of tho nniUdi is tlio germ 
whicjh at a c.ortain temperature biiusts into life, a,nd 
that life foods for sumo Ihno on tho stiid;. On lieing 

I'l 
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transferred to tho wiok, tho flame dosconds in its 
search for food, and dovolops to its full size when 
it has secured an adequate supply. It can bo 
“killed’’ by destroying its most vital organ—tho 
part whore the solid food is oonvortod into gas. " 
Many flames aro “ sensitive ” to particular .sounds. 
Somo oven develop a “ protootivo covering,” as in a 
smouldering flro. 

The analogy is so far-roaching that wo might 
describe a flame as a gamma mn-aeniraliml 
animal wore it not for the total absonco of any- 
thing resembling habit or memory. Thus a sonsi- 
tivo flame will respond to tho samo stimulus in 
the same manner, no matter how often it is applied. 

It might bo urged that tho life of a flame is so 
“strenuous” that tho intervals botwoon suooossivo 
stimuli would have to bo oxoosaivoly short; but 
this is refuted by tho stroboscopic study of re- 
sponsive flames, which shows a ])ractically instan- 
taneous and uniform response. 

Tho flame has no cellular structuro, and thoro- 
foro no organisation. Even if it is regarded as 
consisting of a single coll, it dillurs from tho 
amajba in posso.sHing no nuolous, Kinoo tho lission 
or fusion of nuclei is tho o.SKOntial foaturo of all 
1 animal reproduction and propagation, wu aro bound 

! I to regard tho nucleus as tho repository of tho 

I i animal’s “ oxporionco,” ready to hand it on to 

tj ; posterity. Tho simultanoous absence of momory 
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and of a nucleus in a flame fclion becomes in- 
tolligiblo. 

The above considerations will liolp us to solve 
the question of life in the infra-world. Wo have 
already seen that there is no reason to postulate 
the absence of any of the three states of aggrega- 
tion of matter known to us. There is plenty of 
light and heat in all probability. The conditions 
of organic life are all present, and as regards geo- 
logical time, the infra-world has much moro of that 
than wo have, since what is a second in our world 
is a thousand billion years in the infra-world. 
There is, therefore, plenty of time for organic 
evolution, and, indeed, for an evolution Avhich trans- 
cends all our present conceptions of its possibilities. 
Yet a simple consideration will show that the evo- 
lution of the infra-world has woll-dofhied limits. 
As far as -wo can judge, the infra-world is always 
the same in its physical properties. Whatever 
evolution is in progress there does not allbot those 
properties of the infrivwoiid which wo are aide to 
gauge, such as tlio constancy of the olomontary 
atoms and electrons. Our historical records go 
back some 8000 years, which is 80 quadrillion 
infra-years, and in all that immon.so time the 
" evolution ’’ of the infra-world has not sulliood to 
change its apparent ]m)portio.s. 'rransforring this 
analogy to our own world, it would moan that for 
an almost inconcoivablo span of future time organic 
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lify in nur world, hownvor highly dovolopod, will 
ijMi ho idtln tit itrodiKH) now roHulLf) on an aHtrono- 
miftd fitiitlit, nr In alVuct Uio iiioLinu of hoavonly 
htnlioM. 

Tho fiiuiin imiilngy f'ivoH na a now (ionooptlon of * 
lint {loi’initnonfi) nl' ntir own nnivorHo. During tho 
ln;>t o.fjtiury wn Inmt luiun, unknown to oiu'hoIvoh, 
Mifvt'ying tutd oxwiiining tUo prujUirtioR of tho 
inlVii wtiild nvnr II {tnriod of a (pnnlriirum infra- 
Vt'iii'fi. 'rio'y tihnw no nigii of variation, although 
lilt’ l•ll.lnl•t"i of KiioU vuriulion arc tw groat as tho 
idiuttfiot our wtirltl wmild got in a qiuuh'illiou of 
lOir yoitni, lint ihia urguinont can ho logionlly 
«.\h'H(ic'tl initt inlinily. For an inhabitant of th,o 
infrn w.tihl t-an. in a porioil of U)l) infra-yoarH, 
loftho lit" oamo utaloniont ooncorning tho noxt 

I. iv.»>r worhl (whii’h wo niiglU. oall tho infra'Mvorld), 
iitiy t v.oniiitl ohaiigo of which wonlil roaot upon 
iho nnpfi'ior wtirhl it oonotitntas. '!%'■ (umHliinoi/ 
,4' H’llunt! hnr-i i•^. Iln irfiuY, mi (ihjt'rl i.i’r pnmf of 

II, wif/tii.v iliirolitiii mul Nliihil ill/ of our ii/nii>(irne. 

1, U 1-, .1 thiiiigli Moinowliat idlo -oalou- 

1,11, .11 to ili-ioriniiii' llo) iiuiuhor of olootroim oon- 
udio'ti in tint uilnlt liimiaii body. It io about 10 '". 
N'iOh, ibo t'liflb riinlainii at bui.’it 1 , 1100 , 000,000 ( 10 ") 
liiuiiiio bt'iiig.’i, iioi to nioni'ion otlinr living buiiigH. 
Tltt’i't-loi". lilt! nuiobor of infra niim wliioh wo can 

imioodaio in onr own bodio.R lignroH out at 

ubt.nl 10 '". hml yot tho total activity of all tlicHO 
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beings, for untold infro-goological eras, is withoiiL 
the slightest not olToot on our own cousoiousnoss. 

This calculation, though doubtful in a quanti- 
, tative sense, brings homo to us the fact that our 
consciousness is mercifully protected from the 
teeming life of jnattor, just as it is largely un- 
aware of the multiform organic processes which 
go on in the life of each constituent cell of the 
human body. Our mind resembles the Kogistrar- 
Gonoral in a census. The census ollioers penetrate 
into every remote hamlet, and every house, and 
before the figures roach the Registrar-General they 
have boon summed up and boiled down by a 
largo staff of intermediate officials. The Registrar- 
General gets the not result. Ho may do the same 
amount of work as his subordinates — X shall chari- 
tably .suppose that ho does — but ho surveys the 
country as a whole, and' a unit more or loss is 
indifferent to him. In the .same way, our con- 
sciousness, or at least our normal consciousness, is 
not lost in detail, howover oonqdox that may ))o, 
There is a suinmari.sing and integrating ])owoi' 
within us which is constantly at work, and whioli 
adjusts external ovonts to a scale witliin our ]uu'- 
viow. Hence the revelation of the inllnito coni- 
ploxity of mattor need not ovorwholiii us with a 
hopeless souse of tangle and conqdicatioii. This 
Avorld is an intolligiblo world to an almost inllnito 
extent. Wo are understanding it more and moi'o 
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fully. 'I'lui uilvanci) uf soiimco loatln to simplor and 
fowor rnnmilii', juat aa tlu) advanco of civiliaation 
oiuijiiiiiuH l-ho Haliafuotioii of our oloinontary nooda. 
Kvory now natural law diHC.ovorod rogifitora a vast ^ 
array of faotH auloinalitudly in order, The out- 
Htiualiiig im/.idt'H largoly ooncorn tlio iuliuito and 
ihn iniinitfriiiial. Ji, has ofum lioon supposed that 
llio'io iwo rt'Kiotm uro lioyond Uu) grasp of the 
liiuiKiu iiili'lliMU, liut'that has Itoon shown to bo 
fuU.ii-iMUfi ovor sinoo tho discovery of tho inlimto,si- 
lonl tMlonhiii. 

Til.' infrn wiirld is not an inlinitosimal world, 
«'\>:opi in a rt'luUvo hoiiho. It nan bo dealt witli 
Mil a liiiil" liiailo, just us a dilVoroutial eoodloient 
ran, and a imrcrssiim of inlinil esinials and inllni- 
tndoH nf Hrvrnil ordors can bo dealt witli aonording 
III i-rrugnisod algoliraii*. princijilos. This indioatos 
(h.. iiM.v.ibiliiy of io’inging Lbo wholo ohaiu of 
imiN.Tsrs within tho pnrviow »f our present-day 

:iri>'U>'r. 



CHAPTER VII 


MATTBll AND DIBB PROM WITHIN 

1. Our invoHfci gabions up to tliis havo given many 
reasons for bolioving, and. nono for disbelioving, that 
a world rosombling the universe knoAvn bo us exists 
around us on a very much smaller, but not infinitely 
smaller, scale. Wo have soon, in fact, that it is 
possible for two similar univorsos, differing only in 
tho size of its discrete parbiolos, to occupy tlie same 
space at tho same timo. Also, that to leave one 
universe and enter another, it is only necessary 
that our size bo reduced or increased lO-^ times, 
or the ratio of tho sizes of tho starry heavens and 
tho smallest visible speck of dust. Events haj^poxr in 
tho small-scale universe, tho infra-world, as much 
more rapidly as its sizes aro smaller. 

There is an ancient Irish legend about a land 
called Tir nan-Oguo, tho Land of tlio Young. Tlioso 
who, like Ossiau, spout what they thouglit wore 
three years there, found on their return to Ireland 
that throe couturios had passed by during their 
absence in tho Eiold of bliss. This is tho convor.so 
of a visit to tho infra-world. Such a visit, would ro- 
somblo more closely our usual oxjwrionce in dreams, 

7 ' 
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wlioro a long tiiul complioaLod oourno of ovouts in 
orowdod into a rraoLion of a Hocond, 

**l7i Ivnc)' Vit'-'iv (if MitUr.v , — ,Iu fcho oliaptor on 
IidVa-AHlroHomy, I Hkolcdiod out tlio actual ap- 
jioanuuu) oft, lit) i 11 IVa- world oh hoou within a raroliod 
gii8, and illuMtmlcd liio varioiiH pliouomoiia of'ioiU" 
Hiition" by aKtroiiomioal atialogioH. Thovo ia every 
roaHoji for holiuviiitj that the atoiiiH and moloouloH 
of a randiotl p;as appear to iuhahitautH of tho infra- 
world very imitdi liko what tho .starry hoavons ajipoar 
to UM, liut wlitju wo ijoiiHidor tho aspoot of tho 
infra-world as pro.sontod with a solid or litpiid 
iiiHl.oad of a raroliod p;a.s. wo coino to aspects with 
whioh wo cannot trace any analop^y in our own 
world, What would lu), for in.stauoo, tho intornal 
appoarauoo of a c.oppor wire, or a (!ry.H(,al of ualo.spar, 
or a piooo of ioo I In ondoavourinp; to (j;ot at tho 
.'iolulioii of this dillioiilt (pioslion, wo nnist lirst of 
all ohlaiu soiiio iiinitfht into tho (tonstitution of tlio 
" po.-dlivo atom." Wo lind hy (diuinicid oxporimont 
I hat all known .•mh.sl.anoos may Im arranood in a sorios 
of woi,L;ht.’i markiiio thoir atoni.a and dol.onnininp' 
ino;.( of ihoir proportii'.s, 'I'lio sorio.s hogin.s with 
livdi'iijpin, who.'io iitoinio woiphl, is arbitrarily oidlod 
unily, and onds with uranium, with an atomic woi!.,dit 
of Id units. It is found that tho jiliysioal, (diomioal, 
and nlool ideal proportios of tlio olomout.s oliaugo 
in ri'jpilar [loriods a.s l.lio ut.omio woij^ht, inoi'oaso.s. 
Klomonts <d' tho samo Lconural proportios aro found 
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by adding IG, 32, or 48 units bo fclio atomic ivoiglib 
of any given body. 

Now this is a state of things for whioix wo can 
traoo no parallel in our world. That may possibly 
bo because wo cannot deal with our stars on a scale 
of sullioiont magnitude to survey them as wo survey 
atoms. Bub so far as wo can survey the starry 
universe, there is no definite tmd stop-by-stop gra- 
dation of stars according to their masses. That 
such a gradation does exist in the infra-world wo 
must put down to the greater ])owor of tlio olootric 
forces at work there. 

Why more matter should bo assooiated with 
positive electricity than with negative is one of 
those ultimate questions for which wo liavo as yet 
no solution whatever. Why is the smallest “ positive 
atom ’’—that of hydrogen — mox-o than a thousaud 
times heavier than the elec(.ron? Why are there 
no poisitivo electrons? It has boon .suggested that 
electrons aro pormauont sources of other, and ijositive 
atoms permanent sinks of other, tlxo other wollijig 
out of trauscondontal s])aco in tho ono case, and 
being drained )>ack into tho same space in tlie ether, 
yuoli an “ox])lauation” wovdd account for tho di.s- 
similarity observed ; but I proi'or not to have )' 0 (!om'so 
to “ trauscondontal” conceptions, which may, or may 
not, have a moaning. Onco wo admit tliat in any 
universe, however minute its scale, ])o,sitivo electricity 
is associated with more matter than negative, it is 
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compiiraUvoly oftHy lo account iox a like distribu- 
tiou in any higlioi* luiivorHO, Take the oxainplo of 
Uio Hun. Why has the huh a poMtivo oluirgo, and. 
tliu earth a nogatlvo cliargo ? Kimply booauso tho 
HViu oiiiitH a moro powerful radiation, which has a 
reptilmvo action on iinoly divided matter, such aa 
tho droplotH'coiulouHod about olootrona, Tire aun, 
Ihoroforo, is (ionatantly oxiajlling negative olootrioity 
until itH own charge Hidlicoa to maintain tho oquili- 
briimi liotwoon omwaion and abaorption. 

Wo ntted only po.stnlato that aa wo deacond t(j 
tho infra-world, tho radiation of tho poaitivo central 
hodioH dooroaHOK more alowly than the inaaH in order 
to uo.dount for tho much greater intonaity of tho 
oleotrie eltargea. J'n fact, wo muHt Nup])0H0 that tho 
"infra-light" omitted by tho atonm ia much moro 
powerful in (iompariHon with their size, than tlio 
light omitted by tho mm. Tontativoly, wo might 
miiiiioKO that tho radiation varioK, not aa tho mawH, 
hut an tho H([uaro root of tho maHH. 

'I’liiH would give uh. thou, our ])oHitivoly-ehargod 
atom or infra-ntar. Now thoro are roaHoun ior 
aHHuming l■llal. tho hydrogen-atom in not only tho 
arliitrary unit of atomic weight, but a real anti 
rdtimate pby.Mi(!al unit ul the namo importaueo an 
tho oleetron. 'I’hiH in I’rout’a liypothomH, which baa 
not boon Htrictly vorilled, Init wlduih may yet roiioivo 
a now iutorprotatiou when tlio TtiaHB ol the oloctrouH 
bound up with tho atoniH in allowed for. In any 
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case, tho phonoraena of radio-activity have made 
it vory probable that tho heavier atoms — ^suoh as 
those of uranium and radium — ^broalc up by expelling 
helium atoms. Those may or may not have boon 
in a state of ohomical “ combination ” with thorn. In 
these matters wo must avoid using suoh a word 
pedantically. It is enough that tho helium atom 
escapes somehow, Now tho atomic weight of helium 
is 4. It most likely consists of foitt hydrogen atoms. 
How can these be so combined ? 

If, as wo have assumed, tho positive atoms have 
a 'ohargo equal to that of one or moro electrons, 
surely they will fly asunder! But hero wo may 
well have a oonvorso case from that of neutral 
atoms in contact. Positive atoms are heavier than 
electrons. Their gravitational attraction is greater 
in comparison with their ohargo, Thorol’oro, al- 
though oloctrons may bo mutually repulsive to 
suoh an enormous extent that they never come 
into actual contact, this may not bo so with 
positive atoms. And if they do happen to toucli, 
it is possible that their adhoision may suflloo to 
ovoroomo their mutual eloctrio repulsion, just as 
in a former case tho gravitational attraction of 
two neutral atoms with their attendant .swarms of 
oloctrons was balanced l)y tho ropubsion of tho 
latter. 

Now it is easy to show that tho .simplest structure 
of perfect stability that can thus bo built up oul. 
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ol' liydrogou aloitis oontaiiiH foiu- atoms, forming 
tt totrahodrmi or oguilaboral pyramid. Huoh a 
HtnuiUu’u wo may iclontify witk tho kolium 
atom. 

Larger atoms are built up out of larger aggro- 
gatOH of liydrogoji atoms, and tho mamior of their 
aroliiteeturo is one of tho most faseinating problems 
awaiting the coming oloctrio theory of crystals. 
Jhit wo may well .sujiposo that tho lielium atom 
never Iohuh its stability and prodominnnoo. It i.s 
imau'osting to note that similar olomouts in tho 
jieriodio soruis are made up by adding 10, 02, or 48 
hydi'ogoa units to tho atomic weight; in other 
words, by adding four, eight, or twelve helium 
atoms. Tho.4o are proliably disposed symmotrioally, 
on the jirinoiplo of tho totrahodron, tho oetahodron, 
and tho dodecahedron. Whoji tho atom breaks up 
those projeetiug helium atoms aro tho iirst to bo 
thrown olV, as is dono when radium and ])o]onium 
atoms break up. 

2. It would bo an interesting task to oudoavour 
to follow U[) tho iniluoiieo of tho c.otdiguration of 
tho oompound atoms and thoir attendant elotitrons 
on the building Uji of a crystalline or amorphous 
solid. It will, no doubt, bo a long time boforo a 
oonpdoto matliomatioal theory is formulatod which 
acicomits for tlio delicate balancing of the hydrogen 
atoms within tho po,sitivo atom and the moloculos 
within tho crystal. The rosoaroho.s already made 
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into tho struotiiro of compounds by tho mothods 
of steroo-cliGmistiy offer a solid foundation for 
work along tliis lino. But imagine a moloculo of, 
say, quinino, consisting of twenty atoms of carbon, 
'* twonty-four of hydrogen, two of nitrogen, and two 
of oxygon, arranged in groups and sub-groups, tho 
whole moloculo a voritablo phalanx of stars, tho 
suns swaying in gontlo oscillations or slow orbits, 
tho planets darting round as if to prosorvo tho 
integrity of tho ompiro of thoir central luminary, 
tho whole system ablaze with light and astir with 
nrotion, a piooo of stellar architooturo boaidos 
which Orion is without form and void; and this 
molecule built into a gorgeous system of n trillion 
units of like structure, all of which go to make up 
a single grain of tho crystalline powder wo know to 
bo tho invaluablo antidote to tho fovors of tho 
tropical forest. 

A somewhat loss imposing .spoctaclo would ho 
prosontod to an infra-man who takos his stand on 
an olootrou insido a copper wiro, and Avaits till tho 
current Avas turned on. Tho .sky would not only 
bo ablaze with stars, ho Avould ho snrroundod on 
all sides Avith suns, and hi.s electron Avould ho at 
a loss to kuoAV to Avliich sun it owned allogiaiuio. 
It Avould rovolvo fora thousand infra-years, porluqw, 
round ouo particular cop])or atom; thou it Avould 
spend two or throo months rujining froo, and would 
ovontually bo draAvn into tho poAvor of anothor of 
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thoHO "inlKliby aloniH,” to pass anotlior tliousand 
yoars in tbraldoiti. When tlio Bwitcli ia burnod 
in our world, a now cyolo ol' evolution bogins 
among tbo atonm of tho wiro. Tho infra-man 
(inda a now foroo and purpoao at work among " 
tho roving infra- planota. Whonovor they aro froo, 
they all (lOnd to move towarda ono particadar part 
of tho aky, hoiug drivon by tho piiah of other infra- 
pianola intnulod into tho ayatom from bohind. 
Whilo tho infrn-auna (atoma) koop fairly woll 
within tiioir allotted apacoa, tho oloctrona. find 
their way down tho alopo of potential, threading 
their way among tho atoma by lita and atarta, and 
making up what wo call tho electron current or 
nogativo (surront. 

.'i. Life from Within, — Wo have no reason to 
boliovo that organio inattor, avioh aa protoplaam, 
haa a atrucl.uro oasontially diiroront IVom inorganic 
matter. There ia no doubt leaa atability, leas 
donnitonoHH of atriictuvo, a more rapid tranaforma- 
tiou of molocuIo.a, a (sontinnal binding and unbind- 
ing of oloctrona. Tliero ia, in short, more ohaoa 
than (!OMmo.s. It ia Just as if (diomieal tranaforma- 
tiona in organiaed matter woro l.oo multifariovia and 
rapid to allow any pai't of it to aottlo down to 
a dodnito chomioai eom]ioaitiou. Tim, so portiona 
which aro moat alive allow tho groatoal, ehoitdcal 
inatability, tho groatoat lack of dollnito chomioai 
]n'o])ortios. Carbon and nitrogen, two elomonta 
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distinguished for their variety of linkages, iday 
the most essential part in organised matter. 
The albuminous colloids, whoso oompo,sition has 
hitherto defied definition, consist of some 60 parts 
^ of carbon, IG parts of nitrogen, 20 of oxygon, 7 of 
hydrogen, and 1 of sulphur. A single molecule 
of any dofinito substance made irp out of those 
would bo lost in the welter of nebulous and dis- 
aggregated matter, and could not bo dotootod by 
our analyses. A living coll from within would 
therefore appear like an utterly unsystematic con- 
geries of atoms, molecules, and ruins of molooulos 
more or loss complex. The atoms, or infra-suns, 
would bo of six or seven different typos, and none 
of them oxcoptionally large. A human brain coll 
would perhaps bo tho most chaotic of all, the 
atoms undergoing a rapid scries of groupings and 
rearrangements, every such grouping being the 
physical symbol and counterpart of a consoious or 
subconscious thought. 

This brings us to somo problems of oxistoneo 
which have long boon very obscure, but which 
appear loss so when regarded in tho liglit of tho 
infra-world. Wo have, in all our iiivostigatious, 
found no point at which a final continuity and 
unity can bo donionstratod. Evorytliing is divi- 
sible, infinitely divisible, and, liowovor deeply wo 
descend in tho scale of magnitude, tho whirl of 
atoms and tho drift of suns roiuaius tho same, 
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Whoi'o, Ulon, is lliaL “unii'yiug prhioiplo” upon 
whicih wo liavQ roliotl to pi’osoiTO our minds from 
tho intolorablo complexity of tlio imivorso ? 

That such a (question should bo aslcod at all 
hIiowh how a moolumioal viow of natural jihono- 
moiia has ohsc.urod our appreciation of tho roali- 
tii!H undorlyiiig all human understanding. Atoms, 
oluotrons, material objo(jts gonorally aro not realities. 
Tlusy aro oar (unKioiitions of realities which allbot 
our Hiinsuriiim, oonstruotod in our minds from 
material .supplied liy our past oxporionoos. Our 
o.xperi(m<!u.s aro tho only realities of which wo 
have (lofmito oviilouco, and those are iinally ro- 
uiilvablu into soirsations and memories of sensations. 
l!y an aol, of faith wo oxtond our own sphoro of 
Bonsation to iuchulo .splieros wliich wo porcoivo 
to ho similar, and wo tlms aro eniihlod to soo 
with other por.sons’ eyos and rumoml)er with other 
por.soim' momoriu.s. Jly anotlier ac.t of faith wo 
po.sttdato an " ohjoid." hehind a himdle of permanent 
or recurring soiasations. Tlio.se sonsatious are tho 
syodail of that ohjoct, tho signs hy which it reveals 
its prcfioncc to us. No doubt tho object contains 
Home ullhnato reality, hut what tliat ultimate reality 
may ho, what tho rest of its propurtios aro, wo 
can only faiol ly glows. Wo havo only ono key. Ju 
ourselves we eau olworvo both tho inner reality of 
a thing and its extormil and visihlo symhol. A 
dolicato galviummotor may show tho current im- 
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pulse travelling along a nerve wliiolx wo porooivo 
as a spasm of pain. The pain is a reality, the 
current is tlio symbol of tliat reality, wliioh may 
thus become evident to senses other than our own. 

'' But the sensations involved in reading a galvan- 
ometer are quite different from the sensation of pain. 
Both sensations are roalitio,s, but of quite a dilforont 
kind. Bo different may bo the reality underlying 
any “material” phenomenon from the oUbcts pre- 
sented to our senses. 

Dr. Johnstone Btonoy,^ who ha.s, perhaps, dt)no 
more than any living p]iy.sioist to elucidalio the 
connection between mental realities (" auta ”) 
and the physical univorso, puts the matter as 
follows : — 

" The only part of the stupendous antic univorso 
(univorso of realities) which a human being can 
adequately oxamino is that excessively small group 
of auta which arc the thoughts of his own mind, 
with the similarly small grou])s that are the minds 
of his fellow man and of some other animals ; ho 
cannot oven make any adequate study of the events 
that go on wit.hin tho synorgos [subconscious soil] 
which is so closely associated with liis nnnd, and 
can only collect more scraps of inibnnation as l,o 
what tho real events aro throughout tho resl. of 
tho vast machino. As to tliat tiny grouji of aul.a 
that aro one human being’s thoughts, it bears 

’ J'roocedinya of the American i'hilosuphical fSookty, A]ii'il If, lilOli. 
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Hfitmswltul. l.ho Hamo rulaliou lo blio uiighky wholo 
Ilf llu) until) imivuvHi) iih . . . Homo of tho moro 
aiuwly tthuiii'ln}' ovout-H williiu t.ho cortox of tto 
Uruiu iii'iu’H It) tlu) liiiormouH botialily of motions 
lliui tii'o ('oinj' on iilijootivoly thninghoub tho whole * 
Ilf ttuOiro. ‘rhiH nmkiiH it. ovithmt that tho pavt of 
ihi) iiiiiii! tiuivimto lliiit man ouu adoiiuatoly oxamiuo 
iH lint tiiti) thi'ii of an immoaminililo oooan, and 
ulihiiiii'h iliiii lilllo ilrii)) in an aotual Hpooimou of 
Uot kiuil of ihingH lliat mita lU'o, it is voiy iilain 
I lull v.i‘ ai'i! not- juntiUuil in uHsnming that it ih a 
l,ui' a\i raoo ajifidiiiim of tlioni." 

1'lii- Mulv pull) iipi'ii In lui if wo want to got at tho 
r< di) y niiitfi'h lug phynioul appoaranoos in to oavo- 
Unliy If).) ntir own ilimighlH anil thoii' physioal 
a .• .liip.tuiiio-ni i. Unoo wo know tho inoiital pliono- 
iM. na v>it!i-h un.'oiupuny any givon pliyHioal proooHH 
m ..tn loMin. w*’ may hopo to intnrpmt othor phym- 
r.d pin If ■nii’iiifc in t••a'ln!l of niontal roalitios, and 
lilt) I iimt,. .0 ilii’ir rnal .'.ignilioanoo. 

"\V"ii.in” mtdor llio-to diaadvanlngOH," jiroooodH 
I Ii. St'. If V. " man and tlui r.amn in trim of tho moi'O 
ill'/. I,! i.i I If P.M.!'!’ uidiualf.) lias oonsl.ruotod tho 
.d ll', p'.tlf I'l wliiTfliy to I'ludilo him to lorm 
:i, , ..IK-’ t i-.rixM.'.) oi I lot l•hans';oll wliioh will oc.iiur in 
'Ilf iiliy.imd hypollmain ia tho aupiumition 
,,hi,- ' s I'l iiiilin't' riiti tii't lot it'’tm//t'0'i 
i-jt 111’!’ dii. '-t Iv iio'lion at a diatanoo) or through in- 
!..,\,ming ufilia (whiidi iiy many is tmpponod to ho 
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an essentially different 'kind of action). No'w the 
objects of nature are syntheta of porooptions and 
ultra - perceptions ; and syntbeta of perceptions 
cannot be wbat really act. Novertlioloss, it is emi- 
nently useful to carry on our investigation under the 
pliysioal hypothesis that it is they which aotj and to 
confine our efforts to tracing out what offoots this 
action must bo supposed capable of producing, and 
under what laws it must operate, in order that it 
may account for what occurs in nature,” 

This distinction should be carefully borne in mind 
when wo approach 'wUimate natural processes. There 
has been a great deal of superficial and dogmatic 
utterancG concerning ultimate realities, Wo need 
only oito the declaration that action at a distance 
is impossible and unthinkable, or that conscious- 
noss and mental action generally comut of motions 
of particles, which is much liko saying that a wind 
consists of woathorcocks. A human crowd may, for 
police purposes, often bo regarded as a viscous stream 
of p,articlos of uniform sizo, subjected to a certain 
pressure, and obeying certain laws of How. But that 
docs not exhaust the whole nature of a crowd. In 
tlio same way, our physical theories may work with 
inert atoms and electrons without troubling about 
the ultimate reality at the back of thoui. If there 
is such a reality behind thorn, it will, to judge from 
all natiu'al analogy, bo something in the naturo of 
thought or will. A jug, a road, a house, a lathe are 
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mulitulimoiUH of kohu) Ivmnan will. Why Hhoiild 
umL iil lun* uhjof.l.s, (»]^\uiUy " BuhHLautial,’’ ho tho 
wuliMitiiiuiulM itf Hoiuu will (lillomiL rroiu our own? 
Onr lu'xi, (iltsp in I, ho ox|)loral,ion of (,ho univorHo 
ho lu j'fl. ul. iluH imtor Mo\il and nioauinf'. Bo 
hir wo havo only osiuiiinod, ko to Hpoak, itn mzo and 
-diitjio, iia iilotldn^'. il.s j4:ai(„ Wo iniiMt now gob to 
it l.owing io->|uiuuliuioo-, and liy-and-hy wo must got 

mill l•>lHVl’r^lalioJl. 

'rim oxiilomtiou of iho iidVa-wovld has given us a 
vivid ii'aliauliMii of 1 ho relativity of time and spaoo, 
and h.i'.. I mainiain, doliiiiloly dolivm'od u.s from tho 
a|.ji.iii ii! imima.dly of ]irovidin|' a given timo for a 
mvii •■iiidl of oxi-'ilonoo, hifo is tlui.s to a groat 
didivoi’i d from tho tramuiols of timo, whilo 
111 ilm aamo timo ahnolvod from tho oonlinomont of 
'.jiaiiv lafii hi .Miiiorior both to spao.o and timo. 
Thi'i lia,’. I’O' ii im.iinotivoly folt by advaiuiod minds 
lit .ill iro I . I'Ut boro. porhii|>:i, wo havo for tho first 
fuiu- a jih’,.ii--.d jii .lifioation for mioli boliof. 

li wdl. ii' i b:i|i'i, lio uaofnl lioi'o to rniinmo tho main 
f .Ki'do oi oin id I hi'i oiiiuty ; 

flj 1 ill' vi'iil'lo imivonio is only ono in a oliain ol 
Mmd.vf nioM i-.' -i l■o^Illiuod ono willdn tho other, 
.uid ihil'-rmg “idy in llio oizo ol thoir ulomontary 
I . mat il moil jou'l iidi’.'i. 

‘I'h" .iioios of nuo luiivnr.'io aro tho suns ol 
I h-- no.vt liiior imiviTiio ; iho olootroii.'; aro its 

pi.mi’i’i. 
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(3) The unit of time is reduced in the same pro- 
portion as tho unit of length, leaving the volooitios 
as usual. 

(4) Space and time are relative, but velocity is 
^ absolute. 

(5) The next universe below ours in tho scale of 
sizes may bo called tho infra- world. 


i 
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CllAPTEll I 


BlfiYONJJ Tins STAllS 

In tho preceding description of the mfriirworld I 
followed a lino of reasoning which led to the con- 
clusion that by dosconding in order of inagnitudo 
far below the smallest microscopio object until wo 
roach the world of atoms, wo discover a world which 
in all probability,^ is not essentially different Iroin 
tho world wo live in, and may possibly bo almost 
idontioal in most of its astronomical, physical, and 
chemical conditions with our own visible ixnivorso. 
I oudoavoured, by reasoning from tho known laws of 
oloctrioity and chemistry, to ascertain tho forces at 
])lay in that “ infra-world.” Tho most curious and 
im])ortant result so obtained was that ovonts happon 
as much faster iu tho infra-world as tho sizes aro 
smaller, Tho ratio for both is 10^'“: I. Hincu tho 
velocities of atoms turn out to Ijo of tho samo order 
as our “jdanotary” volocitios (about 20 miles ])or 
second), thoro was good reason to assumo that all 
volocitios romain about tho samo, and since tho 
rosistanco of tho other to volocitios groator Llian 
] 80,000 milos per second is inliuito, it was natural 
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to assvimo that in both ^Yor]xlH thoro is tho samo 
liinili of spood, and lionco also tho samo other, 

I now propose to procood in tho opposite direction 
along tho HCalo of mngnitudo, and to invostigato tho 
conditions mot wilh when, instead of dividing all 
sines by 10,000 (.rillion, wo onlargo them in that 
proporliion, I shall endeavour to show that wo then 
arrive al, anolliov world ooinparablo with our own, 
which 1! propose to call tho supra-world, 

A dried currant has a roughly olliptioal shape, its 
diinonsions varyijig from O'.S cm. to 1 cm, Now on- 
largo this by l.ho " world-ratio ” 10**®. It will then 
boeomo a body Idling up tho whole visible universe 
out U> tho uttermost star visible in tho most power- 
ful toIoHOopo, or ro(!or(lod by tho longest photographio 
oxpoHuro. Its 20,000 trillitm atoms, if sliining with 
" infra-light,’' will, soon from within, boeomo a 
splondid starry vault, omitting tho blazo of a bright 
noonday, tho stars being mucli more densely crowded 
than those of tho Milky Way. 

Wluit changoH will this starry world undorgo in 
a Hooond of time? Obviously, tlio revolutions of 
tho stars which worooiute atoms will bo mucli slower 
than horotofnre, and, liowovor fast tho motions of tho 
atoms or stars may bo, tlioy will bo loss ollixitivo 
in ])rodncing a given change of conliguration in 
tho i)ropoi'tiou familiar to us from tho infra-world — 
viz., 10®®. Whatovor ehangos a ourrant imdcrgoes 
in a secioiul of our timo will now bo spread over a 
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period of lO®* seconds, or a thousand billion years. 
Now the currant eyincos no perooptiblo change to us 
in one second, and if our starry heavens did actu- 
ally constitute some piece of organic matter such 
as a currant, wo need not expect any very raarlcod 
changes in it for a period of time far exceeding 
the longest geological epoch over postulated, 

To complete tho analogy between a small material 
body like a lentil or a currant and tho visible uni- 
verse, one essential element is wanting. The density 
of a currant is slightly greater than that of water. 
The density of tho whole visible universe is much 
less than that. Wo have already seen that in 
descending to tho infra-world tho densities increase 
10^^ times. In ascending to tho .supra-world they 
decrease in at least tho same proportion. If they 
did not do so, the velocities would not remain 
of tho same order as those we are familiar with, 
but would all tend to approach tho velocity of 
light. 

Now lot us go through tho converse process, and 
reduce tho visible universe by tho world-ratio, or, 
what comes to the same thing, inoroaso our own 
size in tho same ratio, taking care to alter tho 
scale of time correspondingly. What sliould wo 
find ? 

Wo should find a small ring, much too small to go 
on our linger, but showing vory intricate and what 
some people might bo disposed to call “artistic” 
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wurkiiitumhii>, llualiug in Hpac.o, ov falling tlmmgh it. 
Wt) c.aunut nvdu vtunuUsly giU'HM what is boooining of 
thn I'hig, aimut ita I'alo for a siuglo mipva-Kwiovul takos 
a i houKimil liilliou of our yoars to ovolvu itaolf. JJut 
wo can .‘itio it on ovory Htarlighli night. Tho ring is • 
known iiH I ho Milky Way. Its doiiHity ia much 
groafor than tlmt of tho nmt of tlio starry hoavons. 
lnil(ui(l, it proltultly i.s tho only ohjiHit wo Hhonld 
lun'foivit at. all, iho roat of tho stara boing as 
nogligiblo a.s iho air ooutaiiuHl within a ring lying 
11)1 a fublo, 

Wlial t*lHii ahouhl wo .sou '/ What would tho rost 
of iho ;ai|ira~world ho lilto V 

Atn'ordhig lo Nowoornb anil Walhuio, thoro is 
noihing nlso to fioo. or. if thoi'o is. it is iiuitu iuvisiblo 
troin our uarth. It souins prosmiiiituim.s for any 
moro morial lo assort tliat our univorso is liinitod 
by I lot ring of tbo Milky Way, but tho argumonl 

tionvinoing oiioiigli. Miss A. M, Olorko, in hor 
' Syaonis of tho Stars," inits it as follows; “Tho 
fodoroiil World [inisonls us, to ail apimamnoi), with 
,i ilniio systoio. . . . Tho jirolialiilily lunouuts almost 
lontruuniy llial sl.ar-sl rown .spano is of imiasurablo 
ibiuon Kof from imuiinuniblo stars a liinitloss 

hinn loiivl lit nidiali'Mi should Im dorivod, by wliioh 
darlnu' i'; would I"’ baaislioil I'rom oiir slcius ; and tho 
• iuli’iiso immo,' glowing witli llm niinglod hoanis ol 
suns individu.’diy indistingnishablo, would bowildor 
iiur foolilo sou-si's wiili ils monotonous spluiidour, , , . 
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Unless, that is to say, light suffers some degree 
of onfooblomont in space. . . . But there is not a 
particle of evidonoe that any such toll is exacted; 
contrary indications are stroirg ; and the assertion 
that its payment is inevitahlo depends upon ana- 
logies which may bo wholly visionary, Wo are 
then, for tho present, entitled to disregard the 
probloraatioal effoot of a more than dubious 
cause.” 

Wallace^ advances throe other arguments in 
support of tho finality of our stollar imivorso : — 

“ (1) In various parts of tho hoavons thoro aro areas 
of considerable extent, besides rifts, lanos, or circular 
patches, where stars aro either quite absent or very 
faint and fow in number. Wo look, in fact, through 
those ‘ holes in tho heavons ’ into tho starless depths 
of spaoo beyond. 

“ (2) Thoro is a steady incroaso in tho number of 
stars down to tho ninth or tenth magnitudes. Then 
it suddenly ohangos, and tho number of .stars of 
magnitudes down to tho sovontoonth is only about 
ono-tonth of what it would have boon had tho saino 
ratio of inoroa.so oontinuod. Tho coiielusion is 
that tho fainter stars are more thinly scattered in 
H])aco. 

‘‘(3) Tho total amount of light given by all stars 
of a given magnitude is twice as much a,s that of 
all stars two magnitudos higher in tlio scale. 1 f 
‘ Hir A. n. Wiilliico, X'Ml.hi,, “ Mini’s L’lauo in tho iriilvoi'so." 
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this inoroaso woro inaintainod down to bho Hovon- 
toonblx magnitudo, tho liglib of nil stars oombinod 
Hhould 1)0 Hovon biinos an groat as inoonliglib, wlioroas, 
in roaliby, it is only ono-twontiotli.” 

All thoso arguinonts nro, of oourso, purely opbioal. ^ 
'■.rhay fall to tlio ground as soon as wo admit tbo 
possibility of further stellar univorsos consisting of 
(lark stars. Our own stellar system contains vast 
numbors of snob bodies, and thoro is no roason 
why a stellar system should not bo froo from light 
of thali particular wave-length which improssos our 
oyoH or our photographie plates. For aught wo 
Icnovv', tho luminosity of our stellar system may bo 
a very temporary allair. Lord IColvin estimates 
tlu) life of our sun as .HO to 100 million years 
a period which, on tho suinsi-world scale, Avould 
amount to about a ton-millionth of a second. 

'I’liore is, of course anotlior possibility. If tho 
world was orooted .100,000 years ago, tlion no light 
from bodios uero I, ban 100,000 liglit-yoara axvny 
from us conic' )iOK.sibly havo reached us nil to tlio 
pvoHont ; but light from .stivrs further and further 
away would bo continually arriving at tho earth’s 
Hurfaco, and tlui.s our vi.sion into S])ace, coulinod at 
present by tho Milky Way, woidd ho oxjsiuding 
at the rate of I fli;, ()()() miles ])or second. Thai. 
])o.sHiliility would become a probability if at any 
time a gi'oal. ohistor of stars woi'o to become 
vi.siblo, and remain vksiblo, without showing any 
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evidonce of collision, liko tho ordinary “ now 
star.” 

The root-hypothesis of this work is, however, that 
this world of ours is a good average sample of the 
’I universe, as it always has existed, and always will 
continue to exist, and that, however high wo ascend, 
or however low wo descend, in tho scale of magni- 
tude, wo may hope to find conditions not alarmingly 
difl'oront from those which we have horo and now 
learnt to know and to adapt ourselves to. I am 
disposed to believe that this place in which I arn, 
and this moment in which I write, are os significant, 
as sacred, and as important as any I have over had, 
or am ever likely to got. Thoro may bo variety, 
improvement, progress, or decay, but tho essential 
olomonts of all those I believe to bo permanent, and 
not confined to tho Horo and Now. 

Lot us not bo afraid of extending the scope of 
scientific inquiry, and of applying known laws to 
wider ranges until now limits confront u.s. Newton 
made tho ^kw of gravitation include tho solar 
system. Spectroscopy has applied our torrosl.rial 
chemistry to tho sun and stars. Motooritos bring 
us samples of intorphmotary matter, and wo find 
nothing but materials well known on earth, Why 
should more magnitude apjjal ns ? Size is only 
relative. Tho Arabic nuraorals and tho exponential 
notation enable us to state tho largest magnitudes 
in simpler terms than those of an ordinary balance- 
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hluiitl. Wliy hUouIiI wo draw Lho lino boforo Nature 
diHWH ii, r«ir UK ^ * 

l‘'nr nil lui'nij'i) Kjian (>r Kumo tlurty to lil'ty yoarn 
w<( iirn laiuii'il im I, Ida partiiiuhu* pliiuot, aiul pro- 
\ idl'd with ihu noitoKKury itrj'aitH to carry ou a« 
f.’rlidit avuni}.'i> aul. td' atil.ivlt,i(!H. Wliou wo aro 
wilhdi'uwu iViuu I Ida world wo luay havo otUor 
.■a-!i M -i, ui'jpiir., imd iiolivit.ioH, 'Hio {iluuigo Avill bo 
vumt .uiil fur rt'!tl■.hillK^ and may, lor aught wo know, 
lOii nil' all oniiiiuuiiical.ioii botwiiou ua and tho 
vi.iidit iiid vt-rai', Wo may bo lauded in aomo othor 
liiiU ni lho cliaiu nf wm-ld.*., nr in an outh’oly dillbrout 
liiud ft' wnild. ‘riiai rollooliou aliould provout our 
lta‘. Itig any la f.ilatinu In jmaudato Uin unity and 
;..oio’io ■> I't' ilin mdvorai) aoooaaihlu to our proaont 
[ ..1 rii'-i .. 'I‘lo'ro is (ptito onniigh liberty in 
■ !,.ir h.r ti'i wit loiiii Inuhiiig In tho di.al.atit atara and 
I bn la,;h hoiivoir. I’nr il. In aaauming, thorororo, 

I hn r:. I III iid .’..imi'HofiK id’ tho viaiblo univorao 
■lo-'-idooil all p.i::-.i)ilo magnil.niloa, and, an a o.orol- 
l.iit., !i'» i-i.iiiiiy and inliniio iitability, wo aro not 
r. loom- inn all Idghor iilaloa id' jixiatonoo, nor oou- 
"ur lo’nro lil'o In an ondloaa mpotition ol 
d.iail and drudgnry. All wo pontulaU) 
dia’ lho pfo 'iii World in unironn in apaoo and 
(li nil po dido world.'! in whioh wo might 
( Old may \oi’jbo plaood. it ia for ua boro and now 
liio im-.i v,oiihy of invontigation, (hir aunao ol 
urn!', d'-m.md'i thai it idmuld havo an aliaoluto and 
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pormanont value in the total system of the univorso, 
aflcl this will bo greatly enhanced if it can be shown 
that its laws aro not subject to revision, and that 
the universal writ runs to the furthest boundaries 
r* which tho imagination can oonooive. 


a 



c!ir,Ai’TEU n 




ixi-'iN'iTy 01.’ Tin.; univkuhh 

l\ iVOi'i Wiliiiim ll(;rHt!lutl rdiiiiu'kuil Uiali ho had 
ili'.r«ivi’rfil liliiaiii hiuuli’iul nnivoi'.Mi!H. Ho roforrod, 
t.ii iiH many nolinlin, which ho holiovod lo 
hr .ndavina ti\it*nial tn our own. Mul,, in any ctwo, il; 
i’i nnky lo hho Uio word nnivovHo in Iho plural 
imml.iT wilhitnl. .somo Hpo(!iid dolinilion. If by 
• univi'tMt'' wo moan I ho l.ol.alil.y of 1101)^,% Ihoro 
i-itn, of roiirao, Im only ono l.olaliliy. Bui if wo 
niouii by " uni\'or.‘!o ’’ Uio .sum l.ol.al of lhiiig.s 
a.o-r.i-.ihlo to our Hi'iiHc!!, 01 ', ill ol.licr wordw, Iho 
if"i. onto of t,lio;io l.liiiiKn of whiiili wo can now or 
ai aiivlinio liiivo ooj'niKiinoo, ihoii Lhal very hunian 
" uni s oiv.o ’■ may ho imaoinod lo oxi.sl side by nido 
or (uliTWovitn wiili ollior univoran’i. atic.o.SHililo lo 
liilh froi ';oi-. of (jonaoo, wlmllioi; of hoinj'H lower or 
hi'do’r llian o)\niolvi'!i. In ibal atuiuo, llio infra- 
i', a di.’ilini-l univonio inloriioncla’aliu}' our 
own, ju.’it a-i our liunian or "viaihlo" univoi'HO, llio 
world v.o livo ill, inlor]ionnlraloii iho Hupra-world. 
A.-i ulro.oly poinlod oiil, our faoullios am in louob 
willi tho i-onlinoii of liolh Iho olhnr worhla, Tho 
!UUidU!!.l jioivoiiiil'io loiiKlh and ihu grual.uHl iiioaMur- 
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able diatanoe measnrB oorresponding quantitios. 
'fho smallest cluster of atoms visiblo and moasur- 
ablo in tho miorosoopo is at ono ond of tlio scale, 
and our stellar system, itself a cluster of stellar 
• “atoms," is at tlio otlior. But if -we want to extend 
our investigations into tho supra-world itself wo 
must transcend tho stellar system, just as, in our 
exploration of tho infra-world, wo had to descend 
far below tho smallest microscopic object. Our 
guides into tho unknown woro tho known laws of 
oloctrioity and chemistry, which enabled us to draw 
conclusions concerning objects individually concealed 
from our senses. These same physical laws shall bo 
our guides into tho supra-world. 

In dealing with ultra-stellar distances, I do not 
propose to interlard iny remarks with wondering 
contemplations of tho awfulnoss of spatial vastneasos. 
It is not because I am loss reverent than other 
people, but because I find other objects of rovoronco 
than more size. To worship more size is a relic of 
barbarism. There is nothing inherently apjnilling 
in tho infinite or Jlie infinitesimal. Size is purely 
relative. Wo must resolutely refuse to bo over- 
whelmed by figures. To mo a figure ceases to bo 
ovorwholming as soon as it is expressible in con- 
cise notation, exponential or otherwise. And oven 
inlinity itself is a mathematical quantity which 
algebra has deprived of most of its torrors. 

Wo start with tho assumption that our stellar 
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Umiltnl by Urn Milky Wivy, in a vory small 
nf ih<t uHxl. liif'lmr univorso, the "supra- 
WMi'kl" (bir lirfit task is Lluni to inquiro wlmt is 
u. 

Ij hiMi It'-' a showa with niatliomatical oortaiuty * 
if iminiftt fiputat worn strown with stars, as is 
t.sif iu<41'.»r jij-'ift III. nml if tlumo stars aliono liko our 
f.!.uts, u5t*l if iht>y ha*l I'xislnd for all otoruity, Ikon 
fhi' iq.j.'tiir.tut'tt of ilin sky would bo ouo blazo 
mJ ftus4lKdi5 !lir"Ut;litiut. 'I’o this 1 may add tlio 
. .pi.lly !->ii.dn .touflusion lhat ovory part of spaoo, 
iji. ludiH^.* »li" t-iu-ih ami mirsiilvos, would bo at a 
s.Ks'.- h' u aii'l jpoi'-t'Us; f’lr radiant boat would 1)0 
H* in lUo sam>' way as li^;ht' And, furtUor, 

il»«» l irfuai tl.oit'ti nf spaoii lioiiig cold oail bo 
ir:- 4 .Cl a fitiodu'iivo pruid ol tho aliHouoo of any 
• !,.i!d.' h-.;i "f radial ion ihroii^'h absorption iu 
m; t. .--, 3 <r ill" .d* .tti'biiq' iimdinm would bo hoatud 
Pv "b* "f ub-itiiqil i"U, and would thon itsulf 

' , ill*- h> a' iiiwanlu upiui our dovotuil lioads, 
i;,. m: iv ibiu'.pi ibiii. could ollbctiially shiold us 
'ho iiUolttrablo bliu'.o of ^ulinity wouhl bo 
»).„» .!) a cap in tho oibcr all round our sUillar 
o. in. ."•) a pcift-olly rollciUiiaf iiiirl'aoo surround- 
I .• u .4 hiu'l "f Pioloirmio " lirmaiuont" iu a now 

ni ..Uoi for ii ir.vol purpo.-io, 

ii'.fi* *4 'll''"' c>‘iii 1 i vauoc.’i wouhl work both ways, 
..(•i ..->.dd pr> :i"VV" the lif'ht ami Imat of our own 
•clh'.'. Ml from di,H:ii[mlioii. but this at onco 
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suggests a fairly conclusivo argument against eitlior 
possibility. Wlionovor energy is radiated by -wave- 
motion, and the -waves arrive at tiro limit of tiro 
medium capable of transmitting tiro motion, tlioy 
* are totally reflected. And ■whether wo have an 
otherloss envelope round our system or a perfect 
reflector, wo must expect to receive from it a uni- 
form faint luminosity and a uniform slight hoat. 
Whatever may bo said about tho real souroo of the 
so-called stellar heat, there is no doubt that tho 
faint luminosity is entirely wanting in many parts 
of tho heavens. Vega gives us about tho same 
quantity of heat as a candle ton miles away, and 
Aroturua double that quantity. In tho starless 
portions of tho sky no radiant hoat is discoverable. 
If it exists, it is below tho limits of our measuring 
instruments. This suggests, therefore, that if there 
is a supra-world, it is a cold and dark world, or, 
at least, that it would appear cold and dark to us. 
Not so, as wo shall see, to its own inhabitants. 

Our measuring instruments of light and heat fail, 
so far, to ostablish'tho oxistonco of anytliing outside 
our stellar system. On tho other hand, they do 
not disprove tho oxistonco of a whole surrounding 
universe of stollnr systems which aro comparativoly 
dark and cold. But our theoretical resources are 
not yet exhausted. Wherever wo have a ibroo or 
form of energy whoso action across interstellar s])aee 
is known, we may employ that agency for testing 
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Ulo oxiftUiiKJo of romoto worldH, BohuIos radiaLio3;^, 
wo hiivo gravllaliiou, olocilroHlatic foroo, olootro- 
(lyiiftiinc, (" iiiiiguoUo ”) r<u'oo, and iuagnoti(i iuduc- 
frion. All Ihomi may yoL bo used to oxploro blio 
HU)im-world; biib iu tho.so iiii’anUlo dayn of oo.sinio 
olurXrii'.ity, wo jiuihL jUM'lbruo bo oouUmti wiUv roaHou- 
iug baaed iijiim NowUui’m law of gravilaUon, 

Lord Kolv’m ' baa niado an inboroabing caaay in 
bliiH diroobion, Aasumiiig bho I'arblioHb abar bo liavo 
a jiaraltax of O-OOI of a hooouiI, whioli would imply 
a diubaiioo of dx !(i“‘ om., and bliab a apUoro of bliab 
radiuH fiitiTDiiiiding our abollar ayabom ooubaiiia 100 
million Hbara of about, blio aamo avomgo inaa.a aa 
bho Him, lio filidWH bliab tiho moan foroo of gravibiv- 
(ioiial albraolimi ovor bho aiirfaoo of bhab aphoro 
ia I’dVxUI " bimo.a (.hub of graviby at. bho oarbh’a 
Hurfaoo. It. folhnv.s bhab a body falling inbo bhia 
aphoro from inlinito oiil.or ajiaoo would havo a 
opeod Ilf Kiimo 1 1 km. (aovon miloa) por aooond 

jtiab alioiib diiiiblu bho iilanobary vulooiby of 
Nopi lino, 

Moboofio. apoodii gn up bo •10'* km. por aooond; 
tail I heir .'i(iood ia !iei[iiiro(l imdor llio abbraol.ion 
and in l lio prn.ximity of bho aim. 'I'ho .solar .syal.om 
ia, aeoording bo (kuupboll, moving with a volooiby 
of i;i-.S‘.i km. ]ier .aooond bowarda a point, in H..A. 
dVV" .'to' ami Doo. I'.)" b.S' N. Tho projior mobiona 
of abara ahow an avorago volnoity of ‘if miloa por 

’ yViigUbt HMU. 
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SGOond, though 1830 Groombridgo is credited with 
the extraordinary speed of 59 miles por second, 
and the spootrosoopio hhiary Laoaillo 3105 Avith a 
relative velocity of 380 miles a second. All those 
speeds fall far short of the spood of light, which 
we now bolievo to bo the unattainable limit of 
spood of all material things. 

An important conclusion may bo drawn at once 
from the observation that no stellar velocities 
exceed ■a-o-ffth of the velocity of light. It is that 
ihe mass comprised wiihin a world-sphere increases 
as its radius, and not as its volume, or in other 
words, that the density within a world-sphere 
varies inversely as the sv/rface of the sphere. By 
“ world-sphore ” I mean a sphere enclosing a 
“visible universe” of any order. 

To make this clearer, wo Avill assume that space 
is strewn with other stellar systems com])arablo 
to our own, and that some 100 million of those 
systems make up a galaxy of their own. Instead 
of a sphere of 3 x 10^’ cm., wo might have a ,s])horo 
3 X lO'’^ cm. in rudius. Wo can liardiy assumo thi.s 
sphoro to havo the same average density as our 
own stellar systom, since all ap])oaraucos are against, 
it. If it had, howovor, avo sliould havo a mass 
10““ times as largo as bolero, and the energy of a 
body falling to its surface from infinity would bo 
10““ times what it is at the lituit of our stellar P 

systom. Its theoretical spood woukl bo IQi" Limus ;; 
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wnt ii lutU-h |H’r Ktuuiiul, 'riuH Kpucd, (»[' (iourso, it 
mn-i’i' ufliiiii, Jinr a lilD.UUOlh part of it, on 
rt‘'''.<!i«u t<i (1)0 i'(iMiKUm«ui Iff tho other; but it would 
hnut .s vi-ry idioady iipproaulaug that of %ht, 

;uiil 111.* lu.ijurity of liodioa in mir stellar 

.iii.i'ivfu wuild Int ftiund to poHHUHa soino suoli 
•o h-rj'v. If, mu lilts tithtw hand, thu doiwity varied 
tsa.t 'H n.. itio luirfatio, and the tiuiHS omltraood 
ti.usj.iy »i il).' jvsdiua, t hou ilut f^ravitatiuual poton- 
is.i.i' lis.' tui.i.'ii wntihl btt ahvaya tint Name, being 
pj ; -s'l-.n^l (m ih.t luaaa and invuwely proportional 
" * iS.*- .tr’uis.--'. Anil, aa a (uiiiHOtpitiiica, atollar 
V.'- !'«><» ..|.p).i,t.-hiia; I bo veloiuty of liglit would 
*„• ’ •'V.ssl lit any pari ot iho iinivorae, 

N .'.., 'j... ii -iuiil avorago dmiaity of tlie stellar 
,,' .(.1 ly lh>- abov.- lignre;! ia lixUl as eoiii- 
p.!-' ( i, :'ii -iv d*')'. Ihit wo know that tho luass 
'h- ■.'« Uki -.yaiom i.-! largoty ooneontrated in tho 
tl Was, utd lift •h-ii'.iiy of till! latter is probably 
jj .-jiallor ibiin a billioiitli of that of water. 
A, ) fh-' Milky Way iniiiil bo taken as repre- 
. . il,.- Mbjrti'iri" of* the enpra-werld, 

•■ill,' lo ||..|.- I.bal il:. deimity is less than 
. in ul.out the r.aine iireportieu 

’I..' >1. i *‘1' !hi> "infra-world" are greater. 
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PBOOl? OP TlUil EXISTEWOli OP A SUPEA-WOIILD 

Bepoee endoavouring to interprofc tho struoturo and 
history of our present stellar system, it will bo 
necessary to dispose of oortain questions with regard 
to its limits, which have boon much debated of lato. 
Alfred R. Wallace has dealt very fully with the 
question of the unity or plurality of worlds in his 
well-known work on “ Man’s Place in tho Universe.” 
With tho balance of probabilities in favour of organic 
life in other planets than ours wo are hero not con- 
cornod. Our scale of life — life in tho supra-world — 
will transcend a quadrillionfold the scale of human 
life. But before wo can describe life in tho supra- 
world in terms more or less borrowed from our own, 
wo must make sure that our supra-world exists — or, 
at tho least, that4ts existence is not out of harmony 
with known laws of nature. 

But what are these laws ? There’s tho rub. For 
when it comes to travolling beyond tho ooufinos of 
the galaxy, travolling a billion times as far as its 
outer edge, in order to arrive at last on tho surface 
of a “ supra-star,” we cannot pin our faith oxolu- 
sivoly to any one of the groat world-laws so far dis- 
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uttvitml. TnuiHiuiHKiim dI' liglil,? Who kuowH but 
thill. Ihii iutiirHUtllar luminirorouH nthor may thin out** 
milt linully roi'Miilco uh ! 'I’ho law of gravilaliion ? 
Moil likti Wiillmu) and Whil,l,ak(U’ aro willing to 
hIiuhiImu it luifoi'ii Mioy havo got an far aa tho 
galaxy : Yi*!. it luiuiim aa if l.lumo two agonoios nuiat 
Im ntir tihinf, jiorliinw our only, gui(lo.s in exploring 
ultra gahiotio Wo inuHt, thoroforo, deal with 

l lu'iu at Miiiii’ furthor haiglli. 

7 V-i/i-i((i(;;--;do(. o/ Oiio of tho moat jioworful 
un'iiiiiouta ngainat tho oxiiitonoo of ultra-galaotio 
uuivoiv.ra ill hu'iod U|ioii tho lawH of tho tranHiiUHKKm 
Ilf light. Tlii.'i iirguniont, alroiuly rofurrod to, tlia- 
{iriivi';t tho l•.^i!ltonoll of himinouH Ktars throughout 
iiiiiiiiii' f<|iiioo. by pniiiting out that tho aky would 
I Ill'll havo a uuifnnii hrighl noHM ogual to that of tho 
.'0111 in ovi-ry part, 'riio vahio of thia arguiiiont 
doiioinl.-i up'Ui tho truth of llio following aN. 4 unip- 
t imoi : 

1. 'I'hai tho hiiiiiiiiroriiii.'i othiir porvadoR all Hpaoo, 
Th.ii tho uuiiilior of dark bodion iw ooni)iara- 
1 ivi-ly Moull, • 

riiul till! .'Oiini urn irrogularly di.'itributuil. 

I. Tliat liimiii'Oi.'i aliif.i havo an oloriial oxiiitonoo. 

'riio lir.il n.-.Miiopl.ioii oi'rlaiuly appoalu to our iina- 
t'iii.ki O'li. luol ii'i vidiil aigniioint liaii liuim brought 
up agaiir.t it, 'riio third ii'iHUiiiptiou in nomotinio.s 
i.vorlooki’il. It ill uliviouii that an iiilinitu lino ol 
.'ll urn might I’.xial liohiud ovory atar in tho huavuii.s 
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^without our becoming awaro of it. But tbo oxtrome 
improbability of suoh an arrangement may onoourage 
us to take tlie irregularity of distribution for granted. 
The fourth assumption is ono that does not commend 
itself to any ono who looks for a definite epoch at 
which the visible univorso was created. But to any 
ono familiar with the lino of reasoning derived from 
atomic conditions, the eternity of stars must appear 
extremely probable, whatever may bo said of their 
luminosity or their individual fate. 

The second assumption is, I think, the most im- 
portant, as it boars upon the validity of tho law of 
gravitation. 

Suppose that the number of dark stars in tho 
Milky Way exceeded the bright ones by 1.000 : 1, 
and that there was a greater preponderance else- 
where, sufiiciout to bring the density of our stellar 
system up to about lO-^b water being unity. In 
other words, out of every 100,000 million cubic 
miles of stellar space, ono cubic milo would bo occu- 
pied by tho material of a star, a planet, or a tlark 
sun of tho avoi'Kgo density of water. Tho assump- 
tion contains nothing very imju’obablo: tho number 
of dark bodies is suspected to bo very largo in any 
case, and oven a great propondoranco would not 
materially increase tho occultations and variabilitios 
usually observed. 

Now it is obvious that if all s]iaco wore uniformly 
strew]! with bright stars, many of thoso would at any 
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jfivKU nuHUuul. bo olwiuiroil by dark onoH. If wo 
tw-m\um) Uiiit, iluj dark Hfarn liavti Llio samo avorngo 
Htiol.ional aroa uh tlio Him, it iH oafly lo oaloulatio liow 
far wo can hoo info Hpiioo boforo our viHiou ia oom- 
jilololy ubmnirod by I, bo dark bodioH. Tho diHfcauco 
cttiiU'H otil., according to tho diHtribution of tho dark 
boilit'H. UH botwoon 100 and 10, 000 light-yoars, or juat 
about tJai dintanco of tliu inner and ontor odgos of 
the guhuyd 

Tlii:! ayrtlom would aocouut convploLoly for tho 
ii]»]>an'nt liinilatiim of the univorHO. Thu fact of 
many of tin' brigliK'Ht Htara, like (JanopiiH, botng ho 
far away uh to have no approiiiablo parallax would 
be iiccounttid for by tho acoidont of thoir light 
not lining inlorcoptod by dark bodioH. Tho laws 
Ilf difitriliution of light liy inagnitiidoH would ho 
n\phunnd, or, at luaat, not lioutradiotcd, ‘‘.Riltn” 
and "Indim in tho huavmm” would bo intorprotod 
UH ancunndatioiiH of dark bodioH, and tho mimt 
powerful toloncopciH, instead of pierteng through 
tho star-voi! into empty space, would jiunutrato ,so 
fur as tho bluoL wall whieli eiits'iis olT from tlio 
nil ra ludaetie wnrlds. 

Ilui how will (his systom fare against tlio argii- 
metidi of iuHnity I Tlio o[)tieal argunmnt advanced 
by Newenmlt no hoigor alVocts it, iiiiieo the light 
from I'utor gala.vioM is ooinplutnly intoreojited. But 
the Utornml objoelinn might still held good, and 
I Mi'i* Null' A III. I'liil of llilii iili!i|iU«r. 
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does hold good against an infinite universo of hot 
'^tai’S, which would keep us at a white heat, in spite 
of our protecting wall. But if a hot star is some- 
thing altogether excoptional— a freak happening 
® onoo in a billion times— then the average tempera- 
ture of an' infinite universe will bo quite comfortable, 
and, indeed, extremely stable and permanent. 

The laws of radiation, therefore, furnish no argu- 
ment against the existence of an infinite series of 
galaxies outside our own, so long as wo regard the 
dark star as the prevailing type. But the case may 
be further investigated by means of the argument 
from gravitation. 

The Law of Oravitation. — Newton’s law of gravi- 
tation assorts that every heavenly body attracts 
every other heavenly body with a force propor- 
tional to the product of their masses, and inversely 
proportional to tho square of their distance apart. 
This law has, so far, been confirmed for distances 
ranging from 1 cm. to about 10“ cm.' — truly a vast 
range. At distances less than 1 cm. it appears to 
be replaced, or, at least, complicated, by tho very 
much more powerful olectric forces brought into 
play, and, as regards distances boyond ten light- 
years, we have as yet no evidence of its validity. 
At distances of tho order of cm., a force 10““ 
times more powerful takes the place of gravitation, 
and rules tho orbits of tho infra-world. What 
happens at distances of 10““ cm. and boyond? 


' 
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(?itn it. lio Lliut, ^'ravitiiliun buoomoa ,1,0^’“’ Limoa 
{bulilur tliiin it. is in inoro aastwsiblo places? IJpou* 
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this radius contains no masses but the visible stars, 
^bout 100 million in number, and possessing an aggre- 
gate mass of 10*“ grammes, A strange body falling 
from infinite space into the outskirts of this system 
o -will acquire a velocity of 

/axo-ecxio-oxio*® 

V i6“ 

oontimotros per second, or 36*5 x 10® cm. per second, 
or 3G'5 km. or 22 } miles per second — about the 
speed of tiro earth, and quite a reasonable and 
usual speed. If space is universally filled with 
stars to the same extent as our stellar system, 
there will be no free fall from infinite space, and 
no speed to be got from the attraction of our par- 
ticular galaxy. Yet speeds of the same order will 
be generated under the force of attraction of the 
various suns, and nothing will bo altered by 
adding galaxies upon galaxies, so long as it is 
done consistently and uniformly throughout infinite 
space. But supposing that wo stop at a distance of 
10“" cm,, incroasijig the radius 10,000 times, then 
wo increase the mass a billion times, tho potential 
at tho limit 100 million times, and tho resulting 
speed 10,000 times. Thus tho spood will bo 225,000 
miles per second. This spood is soiiio 40,000 miles 
por second abovo that of light, and thoroforo, by 
all accounts, quite impossible. Tho result will bo 
that all foreign bodies will enter our system with 


TWn Sf.W VV0H1.I»S 


a •/{ * , , > a|*|»rt.i»t'liimic ihiit of light, and 

vcj, » ,'i. s. sj,rj».«jo !(n<-h volucUiou must be* 
til. a ‘ihw ift ((<4 iho ca«o tolls 
1', ;i'.. *'f » utitlltti' ftggroga- 

; s,.'-’, it. 5*,'s. ”, liud unu*h krgor than tho 

» a » f: ” iSfO 

' i-v: m sttn’iiiittlumiid a million- 

' V' -j .. a gaWlio nyHlom of tho 

i ,1 1... ,-t "i !» Thirt wonhl give a 

. 5: ■ i» 4' t<ot gahifiii*. KyHiom, and 

, 5, i Si >, iUt>-si foihm iH’r HOtumd, and 

1 r tif t'tjllld (loiiHity. 

. .. rii.ii-toitdy tliHl'OHO of our 

. j . ....V. «!*’0'io fiiij<ra world, unloss 

, , ,.i’ j. ..Sk ! uidituilod throughout 

. . ■ .■ -1) r'.t .U"no!iy, oim look at tho 

kd! ii. If iiny- 

,■ vuriuty of tho 

„./,i hit i-u'.n'd at any limo, 

.. , hum.' ill favour of its 

i And ihui briugH vw to 

, j v^.' ‘ v.Uo lilai't fi'oiu 

;« ,, s. V. hundi’i'd million 

li lu tho !)li‘lli»r Hoalo of 

. / , s.;o .'■.i.vriiug from 
■ 1, uud « n.luu; in a dual 

‘ _ i, ot (h"v* ohaiiti'ni ia to 

tho ol .‘il»U )0 


PK.OOI? OP EXISTENCE OE A SUPllA-WORLD I I 3 

and time, to emphasise their relativity, and to in- 
cJoaso our outlook to several orders of infinity, 
Whatever system we ultimately adopt as our 
theory of tho universe must, therefore, not only bo 
f in accord with present-day laws and agencies, but 
must ho the logical outcome of those same agencies 
ivorking for all eternity. 

On this point, Alfred B. Wallace, in his groat 
work referred to above, says : — 

“ One of tho greatest difficulties with regard to 
tho vast system of stars around us is tho question 
of its permanence and stability, if not absolutoly 
and indefinitely, yet for periods sufficiently long 
to allow for tho many millions of years that have 
certainly been required for our terrestrial life- 
development. This period, in tho case of tho 
earth, as I havo sufficiently shown, has been char- 
acterised throughout by extreme uniformity, while 
a continuance of that uniformity for a few million 
years in tho future is almost equally certain. 

But our mathematical astronomers can find no 
indications of such iS Lability of the stellar universe 
as a wholo, if subject to tho law of gravitation alone. 
In reply to soino questions on this point, my friojul, 
rrofessor George Darwin, writes as follows: “A 
.symmetrical annular system of bodies might re- 
volve in a circle with or without a central body. 
Such a system would bo unstable. If tho bodies 
are of unequal masses and not symniotj'ically dis- 

a 



>,i tliB siyiiinm wituUl probab 
m ibw UlwisJ C!i8o of syi) 

jinstti iiimular Hyalo 
. *. ■ -•.*.«!. Ibil if B«, ilH oxif 
. ..»•■» jt»yarry Uum ovor. . , 

' ..i.ir *.•;«’.;{• ?i»ry It) ibo Uoj 

■ ?.< wfit*<u I’rtifuHSoi' 

, . '.‘i -f»s, wjiUft : "I t\i)U 

-I V.' I'h' IS ’KP’llst l(f iho Blull 

,. .. r •' -I “li iIh' law Ilf gmvil 

I . tv', It uuiy bit niiuBtiiim 
i s v h «r'‘Mii)U<biiiH uxU 
. rh>- I’lri'i:! wbidb 
Iv Ni'Wit'U'n law; j' 

, b .•» i ■ '>1* ,1* i(5 allnujt 

-i ; r I'h.irgi-a iiiov! 

' i- iiHtr ) ii'i lit ol 

gdniinil 

; ,.(«• t« by ibi'mg M't 

!j. 'ill wii (1 

• . in limit, 

litiiM,! jt tlt't I'dl 

. i'i 'bill. 

t ..,,,11 .(liV I'l'i'V 

,, ^VllllU 

■ * , tl'U >,;ili'.l‘'tii'. .HJ'H 




^ rBOOF OF EXISTENCE OF A SEPBA-WORLD 1 1 S 

cannot bo the only system of luminous stars in 
thb infinite universe ever evolved. That would 
distinguish our i)rosent epoch above any other. 
Special cases must oscillate about the average, 
pboth in space and time. There is no unique 
epoch in the universe. If there were, the whole 
system would be unstable, and subject to sudden 
and overwhelming changes. The constancy of the 
laws governing the infra - world through vast 
stretches of atomic time is a lesson for us, teach- 
ing to look for no catastrophes or spocially-favourod 
times in our own •world. 

This consideration is fatal to tho “ singlo-world ” 
theory. Tho galactic system is unstable. It can- 
not last. It must chango into .something entirely 
different — perhaps, according to some, into a single 
sun 1000 times as large as our sun, radiating O'ff its 
lioat into empty space, and hanging, at tho end of a 
billion years, alone in a vast void, itself a gigantic 
kind of moon, scarrod and crumbling, tho last in- 
habitant, rayless and forlorn, of a dark and empty 
nothingness. , 

If this can happen, why should it happen just 
then ? Why did it not happen a billion yoars 
ago ? Bociiuso it was not then created ? And why 
not? Why should this vast univorso, with its 
millionfold life, bo crowded into one .short inoinout 
— a moitiont of iiifinitosiinal duration for any one 
gifted with tiino-porcoption on tho stellar scale ? 
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more of tho heavenly vault. A body brought within 
5000 light-years would be four timos as effective as 
before. So wo may safely say that, given a dis- 
tribution of stars as supposed, both luminous and 
^dark, our vision would he absolutely blocked at the 
actual limit of the galaxy. 


NOTE B. 

Tho energy possessed by a body of m grammes 
Hying with a velocity of v cm. per second is 
equal to ergs. If we, therefore, measure 

tho velocity of the gramme falling towards tho 
sun at any particular instant, we know its 
energy of motion — in other words, the amount of 
energy it has acquired undor the sun’s attraction 
since it started from infinite space. Tho amount 
of this energy is, of course, quite definite and 
measurable for any point in space, and is called 
tho “gravitational potential” duo to the sun at 
that point. Tho gravitational potential duo to 
a body at any point is inversely proportional to 
tho distance of that pomt.^ In figures, it is 

expressed by whore M is tho mass of tho 

attracting body, 1? tho distance of tho point in 
space, and G tho “gravitational constant” which 
fixes tho numerical value of tho potential for 
the particular units adopted. When tho mass is 
expressed in grammes, and tho distance in conti- 
motros, G is G-GG x 10"”. Thus, at tho distance of 

* An olomontiary i)ro()f of Miifi uso.tnl theorem is given in (Jhaptor 
III. of my " ICloctron Theory," p. d5. 
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grammes, and the distance in centimotros. To 
(jonvort to pounds and inches, G must be made 
047 X 10“8. 

Here, then, wo have a basis for extending our 
gravitational arguments into the uttermost vast- 
nosses of space. 


(‘HAlTKll IV 
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portional to the distance, and this latter alternative 
Is sufficiently oxoluded. 

The infinity and eternity of the universe implies 
the absence of special " points of singularity,” such 
« as general catastrophes or absolute uniformity. 
Whatever variety exists in space and time is 
equalised if we take the apace largo enough or 
the time long enough. The world of the present 
moment is instinct with life and energy, with 
change and progress and decay, bewildering and 
overwhelming to the finite mind. But the infinite 
universe is unchanging. It is the same yesterday, 
to-day, and for ever. There is no loss and no 
gain; there is only redistribution and circulation. 
There is a fundamental and abiding constancy, and 
yet the variety is infinite. The All is immutable, 
but the detail is for ever now. The equilibrium is 
eternal ; but the event, the incident, the individuality 
is unique, unprecodontod, irrecoverable. 

I have proved that there are two solutions which 
are in accordance with the above assumptions. 
Tho first of those* postulates a comparatively donso 
univorse of a consistency somewhat greater than 
that of tho Millcy Way, birt containing dark stars 
in Large oxcoss. Tho othor (p. lOo) implies that in 
procooding out into space tho matter included in 
successive world-spheres must vary, not as tho 
volume but ns the radius; in other words, that 
in tho universes of successively higher orders tho 


133 


TWO NEW WOHT.DH 


»lt itBjiM'H muHi. k) liiHH, lu Uu! iiltHonco of ovillonco 
for u viu3. of thirk KttirH wibliiu our' 

itwji vr(»liM‘-lio «ysluiii, I profur Ui lulupl, Uuh lafclor 
fiUoritiiinu. It givi'.H Kttnjio for gnial.iu’ varioby, ib is 
juMri' prMliuMti I'niiu I ho poiub of viuw of Hbalnliby, 
ait'l h i« ill liurmoity with tluU, goiioral prtmUonooof 
wp.u-.ifr whicli wo tliai'.um blirou}?houL naburo, 
wh. th<4 ill iUmiiim, liviiii' hoiiigH, Htara, or f^alaxiofl. 

Wr- hiivo ihrou^lioub thi.M work otpiabod Hbars 
i-.r r.oht-r jiolur with olioiuioal aboiiiH, an 

i-h'ii» 6 hi;.i!i.<ii wliioJi i-’i woll Nupporboil liy oloobrical 
»u»t rloouii-.il thiiit, Tho avuraf{o dianuibor of an 
(itoiu i:) 1*1 ■ fui. 'rho diitiiiobur of bho Holar ayHboin 
i-i oi-.oi! Ill” fin. 'riio rat io of blioao bwo (pianbibios 
ii IM •. ‘rhhi i-i iho 'worlil ratio" wliioli 1 liavo 
laiiori't aji(iUo'l to all iihouoiiuma in mujooHsivo 
luiivi'uo'; r.'diut ihiif an a giiido, it, ia nob very 
rhiH' iih to f'liiniiiif.b our " nnpra world," 

fit. I'.'i. Miirt'.daf.lio !.y;.loin, our " vbiihlo univorHU,'' 
ji». ,r.uuii;t io” or 111'-' f.iii, aiiroM’i, a di.sbanoo ooiTO- 
p lidiii.; .'ll "ur huioan aoalo to 1 nun, or 1 inn., or, 
k>,, » in. "1 ‘m a ' ;aipi'a-inan." lliwuloi'o, our j^odaxy 
t.l 5 , .t Moail .*li|o.'t. Ill iihoiii l-hab aixo. IboonbaluH 
,t .n' I’'"., million nlarn. or aliout an many ntnirn a.s 
'if f.v.ho.! or.'.iiii'.ui Iviiowii 1,0 iin oonbaiiu) aboiii.n. 
1 ..(■ toi.'dii know 11 . may h>' an orj,piui:im- a I'anoi- 
n /in.' .pi" /ion wiih wliioh 1 nhall dual furlhor oii. 

iHii.ad" ilio K‘dax) r. oiiiply npaoo for noinu 
.hn.iiit'"-. and ihfii oihor galaxio.n or Houunvhab dil- 


SUPRA-STABS AND LIVING GALAXIES I 23 

■ feront structures. These again must form a larger 
* aggregate, something we might call a “ supra-star.” 
The diameters of the heavenly bodies known to 
us average about 10^® cm. Hence, by the " world- 
* ratio,” we must expect the diameter of the supra- 
star to be somewhere about 10®® cm,, or a hundred 
billion light-years. 

The mass of our galactic system is nearly lO'*® 
grammes, By our argument from the law of 
gravitation, the mass within the supra-star must 
bo as much greater as its diameter is greater. 
This makes the mass of the supra-star 10“® grammes 
and its density 10~‘‘*. The velocity acquired by a 
body in falling from infinity to the surface of the 
supra-star would bo some 60 miles per second, and 
might rise to 120 miles in penetrating to its mterior. 
This is not excessive in comparison with observed 
“ proper motions.” 

The mass of the supra-star being 10“® grammes, it 
contains lO’-i times the mass of our galaxy. Wo 
might say it contains 100,000 million galaxies. The 
density of tho galaxy being 10®® times that of the 
supra-star, each galaxy will have 10®® times its 
own volume to move about in without collision. 
Tho average distance of tho nearest galaxy will bo 
about ton million Limes tho diameter of our galaxy, 
or, say 10,000 million light-years, so that, if tho 
nearest galaxy happened to have consisted of 
lummous stars for several thousand million years. 
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the supra-star to which wo belong does not ncoes- 
• sarily make any perceptible differenco to our starry 
heavens. Mr. R. A. Kennedy has shown’' that an 
infinite series of luminous universes of progressively 
• decreasing density would not perceptibly add to 
the light wo receive from the starry heavens. 

It may hero bo objected that the vast times 
required for the light of other bright galaxies to 
reach us would in any ease preclude our ever seeing 
them. J. Ellard Gore, in his " Stellar Universe,” 
p. 113, says : “ Wo may further consider all the 
systems of the second order as together forming a 
system of the third order, and so on to the fourth 
and liighor orders. But wo need not go further 
than the third order, for if, as I have shown else- 
where, light would probably take millions of years 
to reach us from an external universe of the second 
order, surely the altogether inconceivable distance 
of systems of the third order would sufficiently 
account for their light not having yet reached us, 
although travelling towards our earth for possibly 
billions of years W” 

I cannot accept the implied assumption that tho j 

univorso is finito in time. If light requires all that 
tiino to reach u.s, ivliat is there to prevent it ? Time j 

is infinite, and its length is purely relative. We I 

shall, it is true, never see outlying galaxies as they 
are, but as they were so many million or billion 
1 MeohmUc, No, 2VM, Aiiril 22, 1UU7. 
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course, be so slow as to bo practically unobserv- 
lablo. For one second of our time becomes 10^® 
seconds, or some 300 billion years in the time- 
scale of the higher world, and even the vast time 
required for the completion of the “invasion” now 
proceeding (say 20 billion years) is but a small 
fraction of a second in supra-timo, In order to 
judge whether any of the motions actually observed 
among the stars can be equated with motions of 
atoms in a cell, we shall require some further 
information both concerning the actual configura- 
tion of atoms in a cell and concerning the con- 
ditions of lifo in the supra-world. Both these 
quests lie on the extreme borders of the territory 
surveyed by our present faculties ; but that circum- 
stance, while increasing the difficulty of such inquiry, 
also onhancos its interest and importance. 

Personally, I do not share the Haeckelian, 
monistic, or materialistic view. I prefer to look 
upon material phenomena as symbols of mental 
phenomena. Whoro there is motion there is 
thought. Wherq^ there is matter there is exist- 
ence, conscious or sub-conscious. If at any time 
wo succeed in accurately dotorminhig the con- 
figuration and motion of atoms in the huma.i brain, 
wo shall have an opportunity of iutcr])rotiug the 
aspect of tho hoavons in terms of thought, of read- 
ing the thoughts of tho world-soul, so to speak. 
But tho human brain i.s, after all, only a very small 
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WO call stars. The tomporatuvo of a body is the 
kfnetio energy of its particles. Two particles may 
have very different masses but yet the same tem- 
peratures if their kinetic energies are the same 
a — i.e., if the product of the mass into the square 
of the velocity is the same for both particles. 
Now the average velocity of a hydrogen molecule 
at normal temperature and pressure is 169,400 cm, 
per second, and its mass is II x 10"“* gramme. 
The mass of the sun is 10“* grammes, or 10““ times 
that of a hydrogen molecule. Therefore its tem- 
perature as a " particle ” would be the same if 
the square of its velocity were 10"““ times that o± 
the hydrogen molecule, or if the velocity were 
10"““ times that of the molecule. Instead of that, 
it is actually higher, being 1’99 x 10“ cm, per second. 
Therefore we find that if stars are substituted for 
atoms in the supra-thermometer, the temperatures 
in the supra-world are altogether beyond what we 
observe in our world. 

But the supra-stars are not necessarily luminous 
for all that. Ther^ is no necessary and unfailing 
connection between light and heat. Light consists 
of ether waves of a peculiar wave-length. Eadiation 
in general consists of tho vibrations of ether pro- 
voked by vibrations of electric charges. Without 
electrons or other olomontary charges there can bo 
neither light nor radiant heat. In the supra-world, 
tho electrons aro re presented by planets. Now it 
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the astronomical scale, -witli the exception of radia- 
tion, which plays a part in. astronomy of very 
sensible importance, 

Both central and mechanical forces remain the 
; same in the siipra-world as in our galaxy. The 
dimensions are and MLT~® respectively, and 

since M, L, and T all change in the same ratio, 
the quantities are undisturbed. 

So far, then, we can locate our supra-beings on 
supra-stars surrounded by a starry vault. What 
these supra-stars lack in density they more than 
compensate by their temperature — n proce,ss with 
which we are familiar in explosives. 
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ourselves in the centre, would dwindle to a body of 
fflie 21st magnitude, and the supra-star itself, seen 
from the next supra-star, would rank as a body of 
the 76th magnitude. That being the magnitude of 
the supra-star nearest our own, it is small wonder 
wo do not see it. A supra-being would not, of course, 
see the supra-stars by our light, but by “ supra-light,” 
which may be powerful enough to reveal the existence 
of supra-stars to suitably-constructed sense organs. 

Could wo, by some superhuman power, condense 
our galactic system and seal it up in a tin can, we 
should, on looking round us, see nothing but utter 
darkness (barring the rare chance of some other 
galaxy being near). Wo should see nothing but a 
black void, though surrounded by 100,000 million 
shining galaxies constituting a supra-star, and by 
a trillion supra-stars constituting a body of the 
next higher order. Tho light to which, through 
countless ages, our eyes have learnt to respond, 
would utterly forsake us, and unless wo wero 
ondowod with new retinas capable of responding 
to supra-light of i^ave-longth 10^® cm., we should 
be practically blind. Such retinas would be im- 
possible in our present bodies, with thoir rapid 
changes and short life-poriod. A single light-pulse 
would take a whole year to pass, Wo should, in 
fact, require supra-bodios, bodies in which the vital 
changes take plaoo nearly a quadrillion times 
more slowly than they do in ours. 
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10**“ milef) will contain tlie same number of corre- 
•Sponding objects as our single mile. Wo may, 
therefore, speak of a supra-second as an interval 
which plays the same part in the supra-world as 
one second does with us, so long as we remember 
that its actual length is 10 ®* q^. gooonds. 

Similarly, wo may speak of suprn-years, supra-miles, 
and supra-oontimotros. Further, in order to make 
things more amenable to our imagination, .wo may 
mentally reduce the supra-world to our own 
dimensions simply by calling its supra-miles “ miles.” 
In this case wo shall, so to speak, adopt the language 
of the supra-world itself. Then wo should obtain 
the following description: — 

“I’ho galaxies have an average diameter of 1 
millimetre, and are 10 kilometres (6*2 miles) 
apart. They move about with a speed of from 
1 to 1000 metros per second. About every minute, 
or at least every hour, each galaxy approaches 
anotlior galaxy, l)ut rarely getting very near, and 
never colliding. Nearly a billion galaxies are con- 
(iuod within a s^)hero of the size of Saturn. This 
sphere may bo called a ‘ supra-star.’ The nearest 
similar sphere is one light-year away. The galaxies 
are loosely bound together by their gravitational 
attraction, Avhich is comjtcnsalcd by a rotation of the 
RU])ra-star accoTn])liHhod in twenty-eight hours. In- 
dividual galaxies often fly out from the surface for 
some tlistanoo, but rarely far enough to bo lost to 
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olixstorH, bocoino loss complox in struoturo, and are 
■'finally rojoctod, togetlaor with what remains of the 
victim after its usoful clusters have boon annexed, 
Enlarge the amoiba to the sii 50 of our galactic 
system, and you will have a starry vault more 
brilliant than ours, with stars more numerous and 
loHiS far ajmrt, but with the same stupendous ma-iesby 
of motion and development, tho same age-long 
evolution as ours. Its life will bo as inscrutable, 
no more and no loss, than the “life’' of our own 
galaxy. Wo shall bo just as unable to discern 
vohmtary motioir or traco the traffic of energy 
through the system. Possibly our galaxy has no 
voluntary motion. Its life inay bo more vegetative 
than animal. It may bo concerned in building up 
elaborate structures rather than in undoing them. 
In any case, its life is bound to bo what wo call 
inton, so or strenuous, Lifo is measured intensively 
by tho numbor and variety of experiences crowded 
into a given time. This number and variety, as 
our calculations have tended to show, is very groat 
in tho ,supra-W()r],d, A roving galaxy has, so to 
speak, a lively lime of it. Taking tho word “ lifo ” 
in its very witlost sense, as a rcgi,ytoring and utilisa- 
tion of experiences, and including among tho latter 
conscious, sub-consciou.s.and “niatorial” offoct.s, there 
is ovory justilication for a])])lying tho term “lifo” 
to tho oxistonco and dovolopmont of our own or 
any other galaxy. Tlio only reasonable doubt applies 


twitt \’r.iiV Wfoa.jtw 


« ! '' 

■' i',.-! .,<i . whiith 

i' ')■- 3 . ?■,.{ 'HI1-A * 

i' t ? >53 'ijn Jill it third ftf mir Hvoh 

i 1 n'a'.< -Si:;, ..r 111 jit.ijil >.tlhifMIlflt;uillH, 

^ ■'■ S3». !■.<> fii» Ifjuit nf I'MiiJunuUHni’Hit in 

" ■ '■ ■■ -:= 't-' J» >* huitVt, ititd trtmiuil. May, 

; 5 - V h><w litr lh*t lifu of an 

» ' ' ■ ■ ^ S ’“•») ht* 5;i<Vk ritud I'yjudK- 

' ■ V i ■ ,* hit if iiifty dirtiT froiii 

■■! ■• ■■'<!■' ■>', ts.’ t. Mull •.oiJ (‘tiliMiUtiUnniiHU. 

5 ' S “’ur in 

' < ''it i'.)i .t(ti iji in imuxt'.d in 

■, ■■ ■. ■ , I !■■.’• St ' . juii* H 3 I Ktir hudy in iiii- 

■ r. ,1 'is.s.'i iu, I’drry iiiim wiUi a 

■ - s.,.- i; It. i h-'iii a tsti'cliaiiiindly 
..,.t f’jt.i! th> UvM jiiiritUiil tmi- 

■ iiiid m 1 itiaili’r iu ‘0 

•'.* f J , .lit’, ill i’lU'.l-, l.wo 

- jl■.ltl.>Il I'f iitulUir m 

■ ■ I' N" MU'inilliid 

’ . . t uHl'. I\ illdl'IK'lldiml. 

■ ■ . Ill* "lU ’.i h'l-'i, hill, ill 

, . ■ , . ... -v •, " .:t h v.i'h h'lll It liiil.h 

/, .. Mihi 1 ' lUitii'riikl t'niiil.- 

. . t'.u. w i-' ili' in I" lliii I'Xtniil. 
. ,1 liU*'’lU'' and lli’livily I'll" 

I '1 h-i* i'i "III' liri’jiidii’ii. 
. 1 . 1 - I'l' -iiid "id\ h>'f>>iiu':i min- 

tiV'* j 111 '" a d.'rMini, tUid llMOd ill 








Lira IN THE BUPEA-WOBLD 1 39 

orcloi: to deny oonaoiousness whore wo have no real 
^ovidonoo against it. 

If our galaxy is not conscious yet, it may 
bo in the process of acquiring consciousness. The 
curious evolution disco vorod by Kapteyn and 
Eddington is very suggestive of some crisis. The 
mingling of two galactic systems may bo the equiva- 
lent of the process by which tho ammba acquires 
star-olustors of superior vital value. Or it may be 
an act of a groat Birth — a mingling of two germ- 
coils to form a more solf-dotormining being. The 
intorponotration may bo ostimatod to occupy a 
thousand million years — a very small fraction of a 
supra-socond. In that time tho two galaxies will 
have brought their aocuinulatod individual expori- 
onco to boar u]3on each other, and will be prepared 
to fttoo life with a superior endowment and a better 
prospect of self-determination. Such a prospect 
is surely quite as conceivable as tho simplest process 
of gonoration such as wo can seo accomplish itself 
under tho microsoopo in a few minutes. 

But what aboift ourselves in this gigantic biiih ? 
What part havo wo to play in tho next thousand 
million years ? Will tnw accumulatod experience 
bo a part of tho dowry of that groat being which 
is now being born in tho lioavons ? 

This brings mo to what will most likely bo con- 
sidered tho wildest and most fanciful part of tho 
speculations suggested by tho present lino of reason- 
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(JONCiUKST Oli- Tim SUPRA-WOELD 

TTn? human raoo has ovolvod on a small planot in 
tho solar system in tlio course of several million 
years of organio life. Its destiny is to combine 
with other sentient beings to govern the solar 
system, the solar cluster, and finally the new galaxy 
now being evolved. 

In tho course of his triumphant career, man has 
Huccoodod in extending his personality far beyond 
tho limits of his body. If by “ personality ” in tho 
wider sense we understand all material things con- 
trolled by tho individual, then wo must include 
his clothes, his property, and his whole sphere of 
inlluonoo under that term. Individuals vary enor- 
mously in tho extent of this wider “personality," 
much more widely than they do in their physical 
organisation. But every community has its " per- 
sonality” also. 

It controls tho “personalities” of its individuals 
to the same extent as it controls their minds — at 
least on the average, and in tho long run. Tho 
community is an individual of a higher order, 
with a oonsoiousnoss distributed over tho aggro- 

1,|T 
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or lio will not. In the former case ho will, after a 
'trial of strength, perhaps, ally himself with that 
other race. In the latter alternative he will mould 
all matter - to his will. Ho will control the sun 
with a switch like an electric lamp. His physical 
acts will require a minimum expenditure of energy ; 
but they will lot loose or guide all tho huge forces 
of tire universe. In proeoeding to greater con- 
quests, man simply draws upon the almighty power 
within him. Ho is not alone in either world, 
material or mental. Ho has infinite reserves in 
both. His physical organism is specially adapted 
to tho conquest of the earth. When he proceeds 
to greater spheres it may change; but the change, 
wo may anticipate, will not be as great as his 
change of power. Man’s powers have been 
oxtondod within the last centuries in enormous 
disproportion to any changes in his body. In pro- 
ceeding to control tho solar system, man may 
develop, or rather resumo, powers now found only 
in a rudimentary form. In taking control of 
nature, man hai? lost many spiritual gifts once 
poHSOssod by his anooHtor.s. Clairvoyance and tolo- 
])athy wore once almost universal. They have 
boon doliboratoly atrojihiod in order to fit man for 
tho conquest of nature. Tho human mind not 
only requires delicate souses and perceptions; it 
also requires cortaiu blindnesses and insonsibilitios. 
Some HonsibilitioH have boon crusted over. Man 
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to adapt its surroundings to itself. An outside 
R|)00tator miglit look as fruitlessly for the seat of 
tho solar "soul” as ho does for the human soul in 
the cells of tho brain. He -would note certain acti- 
» yitios and adaptations, and if they resembled his 
own ho would postulate life or ovon consciousness. 
Ho might notice a growth of the single system into 
a cluster of systems, or tho break-up of several 
systems to form another system on a higher scale. 
Our imagination almost forsakes us at this point, 
until wo arrive at tho borders of tho galaxy, and 
behold ! wo have again a living thing, like the 
amoeba under the cover-glass, which is as wonder- 
ful as a living galaxy, and fraught with infinitely 
greater possibilities than a dead galaxy. But in 
tliis vast process just sketched, which has taken a 
thousand million years to accomplish itsell^ a living 
being luw bean horn into the f\wpra-world, there to 
live a life akin to that of our earthly organisms, 
but oxtoudiiig over practically infinite time, and 
oounting its seconds by tho parade of galaxies. Its 
l()i\g evolution, tho •“ Conquest of tho Supra- world,” 
will count as an insignificant fraction of a second — 
a mere iiotliing. It will, in its own estimation, have 
boon born iifrash at a definite and .sharply defined 
o])ocli, with no assignablo pro-oxistonco. It will 
outer upon iUs vivid life in tho .supra-world, con- 
scious of tho all-absorbing Brosont, and oblivious 

of tho ages during which it was slowly and labori- 
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THE CHAIN OB' UNlVBUSJilS 

A OENBRAL Hurvoy of tho ground covered by these 
investigations shows that thoy necessitate a revision 
of hitherto-acooptod views in those departments of 
scionco and philosophy which deal with the infinite 
and the infinitesimal, and, generally speaking, with 
spaco and time in the abstract. The relativity of 
space and time itself, always accepted as an axiom, 
is horo for the first time carried to its logical conclu- 
sion, and given a physical interpretation. It would 
havo boon easy, and also somewhat fashionable, to 
extend the limits of spaco by breaking down its 
throe- dimensional character. G-roator freedom of 
hypothesis, and greater security from criticism, 
might also havo boon obtained by abrogating other 
fundamental laws ef nature. But the experience of 
tiuuikind is o])posod to any such proceeding. When 
Newton first extended the earth’s attraction as far 
as the mof)n Ids hypothesis appeared far-fetched and 
presumptuous. But wo have gone much further 
sinco, aiul liavo learned more and more that the 
strange and the wondorfid must not be looked for 
beyond the stars. The abysses of spaco are no more 
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Htrango and ft)riiii(lal)lo l,han a rivor-bod or a anow- 
driffc, Tboro is 110 probloiti on an inlinilo aoaW 
which ia not. equally prusoiitiod to u.s on an inlini- 
toaiinal Hcalo. If wo can unravel tlio aotU'tUiH of 
matter down to tho inoloculo and up to tho atar- 
oluHtor, wo ahall know tho Hocrots of all matter to 
tho uttontioHt onda of apacto and time. Our fae.ul- 
t.ioB will have graspod the material univorHO. 'I’hin 
proapoot iH magnifieont and eneouraging. It lioIdM 
out a vaat promiMO, and imlioalieH a Hjaaidy fuHilmenl, 
of it. Tlio ro.sullB achiovod will bo utterly iiide- 
pondout of fipano and titiio. Tho lawH of the material 
univorHU aa diaodoHed to na by our faeultlea will rule 
for ovor. Coidd wo liy any elianoe catcdi a glimpae 
of our Htarry heavona aa they will appear in a trillion 
yoara, or aa they appeared a trillion yeara ago, we 
might fail to reeogniao il.a (ionatollaLiouN ; but tlio 
Htara woidd bo .aliining aa they ahino u])on ua now, 
with thoir diihmmt apeotra and magidtudoa, their 
orbita, and their proiier inotiona, The lawa of cheni 
iatry and of phyaiea would atill hold good, and Idio.m) 
of geology and biology wmdd bo the aaioo whorov'or 
tho basal eireumatane.ea wssns ainiilar to thoais id' otir 
earth, Thia eternity id' the material uiiiverao givea 
a now dignity to it and l.o our work in aolving il;s 
riddlea. VVe llnd that the atnusture of the material 
univorao ia eonaiatont with ita general atahility. 
True, wo cannot yet trace tho (’.insulation of energy 
in all ita oourso. We do jiot. yet know how tho 
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nidialiion of light and boat is kept up indefinitely. 
*Jlut if energy is indestructible, as wo believe it is, it 
Is clear that oven in an infinite universe there must 
1)0 aoino circulation of it. The energy whose dissi- 
])ation wo obsorvo is, after all, the energy, not of our 
world, but of the infra-world, which alone provides 
us "with light and radiant heat ; and that same world, 
as wo know from tho phenomena of radio-activity, 
has rOHorvos of energy which are but rarely tapped, 
and whioh may possibly in future bo traced to the 
radiant energy dissipated into space. 

I'lio realisation of tho infra-world and tho supra- 
world amounts to a vast extension of tho scope of 
1,1m laws of nature. But, on tho other hand, it 
opposes a doeidod barrier to their indefinite simpli- 
lioatiou. .It has boon a favourite idea with biologists 
(,hat all vital ])houomona can ultimately bo reduced 
to tho oouliguration and motion of atoms. With 
an almost pathetic faith, grotesquely out of keeping 
with their boasted soopl.ioism, they have for several 
gonorations ])a,st biiuii clinging to this dogma. The 
oheiid.st, that nio.?t ])raetical of men of science, has 
prol'orrod to deal witli phenomena as they appeared 
to his sonsOH and boeanio amonablo to his balance, 
biirotto, and thermometer. Tho physicist, working 
on tho very bordorhnid of scionco, always in touch 
with )dtiinato foundations, and surrounded by tho 
iuconipi'ohonHiblo, has almost developed into a 
mystic. He has shattered the atom, and is now 
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uudoiivimriiiK lo rodtico iual.tt»r (,u huiiui iiuiut.ul- 
ligililo l.urlmhmoo in tin inunnctiivulili* uUuir, Ho 
in itn a lutirn nrrauil, ‘'Thiil, way iiiattiui.sH Huh." 
l(, in Hhtatr wiiKlu oi' (itiiu in luuk I'ur an nllimaUi 
j)ai‘l.iulit, ur I'lir a oonUimtm.s lluitl of umtain (lutiHil.y * 
itr i(la}il.irily. \Vu uiiu nm-or aiTivo al, anyUiiiiK 
nlliinaU) Ity inaUinj' tnir unit, mimll Tliuni will 
ulwayH lilt Hiiiiitilltiiij' u niilliiiii liunm Hinallur, in- 
finiltily hinalltT. Wity iml, Utun, laki) iJiu hull hy 
tlui hm'UK anil rintni/niait t.hal. iruiioiiHioiiH acu niily 
rulalivu, that, our rauult.iu.s havu a liiuitoil raiigti, 
anil (hill, liuwi'Vtu’ far wti I'.vli'iiil tlial, I'ango on a 
lar^'ur ur Kmallnr mialu, lint Kainu jiruhluiiiH aru 
jiruMfUii’il III ua / Litl. n.’i nut. htiry ihu.su itruhluni.H 
uiil, ul' Hij'ht' '■* *1*" Inlinii.iaiimal. Nu nialurial ini, or- 
lii'ftatiun uf I, lilt iinivi't'iiu will uviM' uxplain anyl.hing, 
'I'lio uluniftilury [larliuli*. i liu I’luiiinniarv |iu;iil,iuii tir 
Uiutiuii, will hit tint (.'rualuai. Ilf nil piiz/.li-ii. Umil jiru . 
gi'f.'i.'i niiifil. I'll .suuiiht. lur in qiiilu nuulhni’ ilinu’liuu. 

l(('t Uii hy all ini'ana ri'iliinu Ihu numhi’r uf lawn 
III llui miniiiiiun. Lnl ii;., il' wu I'lui, I'.xjilain i;ravi 
laliun hy ulhur iiiuliun; hul if W" I'ail, il' wn havo 
111 a'linil univiinial pruvii atinn ii'i an ulliiiiatu ami 
iiTiiiliiihhlii ri’alil.y, whnru in ihu 1 m:. n f W'u inii.sl 
havii Mi'inu I'liniluimml al a'lrimupl iuna, inra|iahhi uf 
furl lull’ I'Xiilanal iuit, ami numi am lihuly lu hn mui'h 
Hiu!|ilMr I halt Ninv Imi'a law. Tim iillmr iiiif;hl. al.nu 
hit laki'U lur p'rauli'il, ami willmiil. any liu'llmr 
mnunilafiunH aa l.u ila r.uuHl il.uliuu, wu may a:,.sumu 
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fcliab tlio volociby of light is a dofinite and most 
‘important constant, moro important than ever since 
onr discovery that it is both relatively and ab- 
solutely tiro same in the throe worlds. 

A fow such fundamental principles may enable 
us by-and-by to marshal all phenomena in due 
order, and to survey them in proper perspective. 
But when it comes to the explanation, or, rather, 
tlio interpretation, of those fundamental principles, 
material conceptions are no longer useful. The 
fundamental principles are necessarily functions of 
tho livo senses with which we happen to be en- 
dowed. They are tho symbols which connect our 
physical organism with tho realities outside us. 
Any further reduction must be accompanied by 
an analysis of our own senses and faculties. Not 
micu'o.HOopy, but p.sychology, will solve the " Riddle 
of tho Universe.” 

Kvon in dealing with ordinary sensation we are 
constantly coming upon sources of error, such as 
malobsorvatioii, illusion, and hallucination. The 
souses rcciuiro (^)nHtaut correction and supervision 
liy t.lu) intolloot. Not by a single iiiLolloct either, 
for no fact, obsorvod and recorded by oven the 
most famous and best trained observer, is ever 
acce|)ted on his unsuiiportod testimony alone, but 
by the eombiuod intellect of those supposed to bo 
best tpialiliod to judge. Witness Blondlot’s “N- 
rays" and Hoeohi’s Martian canals. 
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In HOfmdiing fni' ullitinilu iruth, wti lmv« tn bring * 
our liightir inloIluolntU fiunillioH Int,o play, WtT 
havo 1,0 invuHt.igal.» lUo.so " lawn nf tiugnil.inn " wliiah 
gijvtirn 1)10 atupiifuliitn of knuwb'tlgu in gunurul, 

Wo hiivo III oumufulmlti oiu’fiolvtw in mir own r 
liighor Holv'OH, and watoli our ordinary {iioullio.'i al, 
work, juKt. aa l lnmo I’aoiiIiioH wal.oli our HoumtliunH, 
and onr kdh.si'H in ihoir (urn waltdi I ho world. And 
in lining an, wo am gradually and inovilably drawn 
1,11 Uui oonrliiMiiin llutl. mind ia ov'i'rything, and 
tnallor lull, an oxproMMion nf I ho univrrMal mind. 

A lablo, a hoUKu, a luaidiino ni tho ombodimont. oC 
aomo lunnan nund, A alono ia iho oiiibodimont. 
of Koino mind at, [iro.aonr inaooi'aMiblo to uh, of 
Homo W'ill III. pntaont. inaorulalilo. Mat, lor nignilioa 
axial once lifo indnpondatil ol’ oiiriiolvoii, but aubjoal. 
to mir will undor oorlain fonditionH, jiial, aa man 
ara to Homo oxianl-. iMotJon moan.'i idmngo or o.\- 
porionao, Inarlia mitan.s habit, Tho alhor moaiiii, 
porhapH, lha all oinbraaing, all aommoi iug ovor 
Hold of I ho nniviir.'ix. Uadiai ion oioaii ,. poraliam'o, 
lha inb'rt'.mnmnnii’Hlii'n nf Moalloi* mind;i, 

lloro wo anlar iipnn ihal, virgin Hold whnro, I 
baliavo, tho Hoioni’o uf tho ruitirti will blo,',;ioio Ibrib. 

In onlaring upon ir. a now poniproiiio npoii.'i mil, 
a (Hinipooldvo iiilinii.oly moro gloi imai l.hiiu I ho 
starry bout vi.'iil'ln to our human oyon. Wo broaiho 
a highor and puror air an air of Iriioilmu, of inlinito 
lifo and powor and gruatnoHH, unfot, farad by thr 
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Hluioldos of oiu' oarfhly oxistonco. Many of the 
'Hons of mon, in all agos, havo caught glimpses of 
such a higher oxistenoo. It is open to all of us 
and, I boliovo, destined for all. But its possibility 
and prospect need not draw us away from the 
proHont phase prematurely. Like devotees of chess 
or football, wo dosoond into the arena and consent 
to bo bound for a time by moro or loss absurd 
rostriotions. Wo “play the game." And that 
gamo has always boon played, and will always be 
played. It is a necessary discipline and liberal 
education. 

Wo aro liir a time placed at .some point in the 
(iliaiu of material univoraos, an inlinito series of 
wliicsh, strange to say, can, as wo have seen, occupy 
tho same H])aoe at the same liiuo. Wo aro planted 
on the crust of a planet. It is a curious form of 
o.vistenee ; but wo know of no other. Our faculties 
(san dimly ])orcoivo a corrosponding existence on 
tlu) noxl. lower order of jdanotary or stellar units, 
on oloetrons or atoms. But no corrosponding 
possibility is roaldiod on a larger scale until wo 
roach tlio supra-star, tho stoHar unit of tho supra- 
world. Our lacultios can, with tlio utmost oll'ort, 
just pcrcoivo tlirue links of tho chain, and only one 
with fair cnmjjlol.oiioss. .Hut that is enough. It 
gives a (!nm]>lol.o “cross-section” of tho material 
univorso. Having o.xhau,stod tho lessons ol this 
croHH-Hootiou, wo can proceed to other typos ol 
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iniivorKOH, ul. proHoiU, (Ui uh) ns)n«nia|,orml, ami tuora 
or loHH ittitiiaUirial. * 

Of oito l.luuff, httwdvor, wo may bo oorlaiu: No 
univom) oxIhIh whioh m util.iroly uiioomiaolod with 
LIuh of oui'H, Wo know I, hat. Uio fniil, of uur 
aol. j'ooH ihiindoflng ilowii Ihu ngoH, l.hal, 
iioUung w ovor olVaood, lluit. ovi'rylhiiijjf ia of infinil.o 
and olornal i;onHoi(noiu!o. And if it. Ioiivoh a por- 
inaiiouf. mark on llm malio'ial imivorHo, it, will 
affoot., al.'io, all invi.sildo uulvoivum, Thia rollootion 
inayKi''''' pro.stmt. funn of oxiMtomoo, 

To jaoroo into t,ho innornioMt, nuioNHOH of naturo, 
to mould naUiral forooH to our will, to mako lifo 
happy and glorioiiH for oiu'moIvoh ami oiir kind, 
to aHHorl. oiir Httprotuai-.y ovor dimiaao and (bsaUi, 
to (lompior and rido t,ho iiniviOHo in virliio of Idui 
iidltdlo pi»wor wiUiiii ua - auoh ia our taak horo 
and now. 

It. ia hoiitj^ tnoro and iiioro c.onMo.iou.'-dy t.idion in 
hand by iho hmnuii raoo a raoo wldidi, nimio ila 
oarlio.sl, orip^ina, ha.s nmnborod almiil. a billion indi- 
vitluala. Tlio nj'rjn’j^ut.o livoa of*ilio!;o individual.'i 
oovor a vaal, variot.yof oxporiono.oa ami oirioniifilunoo.'i, 
anil tho rooord of iho-io oxporionoi.a ia ombodiid in 
our own phyaioul orijaiiiama and otlmr I'ooorda morn 
or loaa porinammt., Tho human raoo baa hurlod 
it.Holf a;{ainHl. tho faHtnoaaoa of naluro and oaplurod 
thorn ono i>y ono. Tho war haa boon a rooord of 
blood and toara. Hut in t.ho now f'onoralion tho 
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woundH aro lioalod aud tlio tears are dried, and 

0 

the battle is renowod. Man emerges Irom each 
HiiocGHsivo oonfliot stronger, saner, and bettor, more 
assured of ultimate viotory, litter to reap tlie fruits 
of it. Tho individual suliers, and dies a million 
doatlis, but Jus misery is but a drop in tho ocean 
of his happiness. His pain is never infinite. Like 
all l)odily sensations, it lias its maximum, beyond 
which no iiowor can intensify it. Death itself is 
lioaoeful, painless, free froin all fear. The fear 
passes away when it is no longer useful as a stimulus 
to activity. Tho barriers of tho human world fall 
away, '^fho " game ’’ is played to the last, Once 
more tho individual is ivithdrawn towards that 
centre of sontiunt life whore all souls are one with 
tho groat Over-soul. What his future fate may bo 
wo need not now inquire. Should it over become 
necessary to enter upon and pursue such inquiry, 
wo may lai sure that a full acquaintance with the 
laws of our prosout visililo univor.se will form tho 
best pnqiaration for it. And those laws wo shall 
a])ply witli tlio groatoi' oonlldonco when wo know 
tliat they sullico to interpret not only our own 
uuivorso, but tlio two other worlds just discernible 
on the Imriwin of our jirc, sent faculties. 
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HVKTK.M UF MFAHtillKMF.N'l’ AN'l) 
NUTATION' 


Ah i'i uhitiil ill wnrltM, I, ho iiitilrio NyHtiun 

hiiM lu’n*, 'I'liti iiumiiuruH uf IniiKih 

iiiui iiuvy Iiti UNfiitiui'd l.ti [ill fititiiliar. 'I'liti 

■'ilynn" i>i lltn unit ol’ lim-H, mul ifi llio (IHImI. [nu'l, 
lit u I'l'iumiic. 'I'Iki "hit;;'' in llut iiiiil. uf wurlc, iiia! 
i;i ilio wnrl. iiivitlvHil ill jiruocHilinjf iif'iiiiuii, a liinui uf 
1 ilyiio llirmii'li tlia cliHlaiini ul' 1 oin, TIiuh, !INI 
ri’i;': ai<» it\{M*iitlt'il ia liliilii,;; I ;,'nuiiiiiii l.hn)ii}j;li I 

(’.■'tilitiiiTn'. 

TIui <t\[Miiii’iiiial iiiil.al.iiin i.M llio Hiily nyaliun 
.-.uil atiin Ini' (hit v.iirlv in ihia hnnk, 'I’lm iniln\ or 
" t’\)iiinrnt. " inilifalfa Imw many tiiui'!, wn inual 
lunhiiily l.liH mniiln’r hy ilifU, \tlum (ha nuuilinr 
i;i in, ii iiiilii-ai I'-, llm iiuiiil'i’r nf ri|ihi'ra in thn ri'jiull. 
'1 liii,'. 1 ((■* li'ii, 111" l.nnnnnn, 'I'a-n aiii’li '■ |iii\viir;i ” 
111 In (U'li ninli i|ilii-il iiy aiinply aihliiij; llmir inilicn.a ; 

lIl'vlM" ItP. 

Tint iH'ifalivii imlfx iniplii'.'; a nutipriiral valin’, 
Thu'i in ■' nr n'lll. In tliia naan, tlm iniliix 
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gives the number of oipbors preceding tbe digit in 
1:li.o dooiinal fraotion. 

I’lio space saved by exponential notation may be 
roftlisod by romomboring that lO^® would bo a 
'• ainnibor of 54 figures in ordinary arotation, and 
would not lit in this lane. 
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infra-light by fcho obsorvation of somo inlra-Jupitor’B 
eatollitofl, or Iho twirling of somo infra-mirror. Tho 
luminiforoiis other, thoroforo, may bo taken to 
remain tho sarao in both worlcla. Myatorioiia ns 
ovor, it ia tho ono aubatanco which is always with 
118, and ovor tho aamo. 


CHAPTER II 


THE FORCES OF TUB INFBA-WORLB 

1, We Rfivo soon Lhal in tho infra-worlci, tlio world 
wEoro atoms and olootrons stand for suns and planots, 
llio abaoluto volooitios aro of tbo samo ordor as Ihoso 
in our world, but that all lengths and times are re- 
duced in tho same proportion-— viz. 10®“ to 1. 

From those data wo can, without further trouble, 
deduce that all surfaces aro reduced in tho ratio 
of 10^"* to 1, and all volumes in tho ratio 10““ to 1 . 

But there are a largo number of other quanti- 
ties, apart from those geometrical and Idnoinatioal 
quantities, and it will bo of interest to consider in 
what proportion they aro reduced or increased in 
descending to tho infra-world. 

Tho most important of those is mass, or Llio 
quantity of inertia opposed by a body to a given 
moving force. If densities wore of tho .samo ordor 
in both worlds, masses would bo reduced to tho 
.sarno extent as volumes — viz,, in tho ratio of i0““ to 
1. This, however, is not tho rule in tho solar system, 
whore Jupiter has only about one-fourth of tlio 
density of tho earth, and tho sun is specifically 
lighter oven than that, 'L'hus wo may expect bodies 

'5 
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ko 1)0 donsor in tho infi'a-world khiin in uur woi'ld. 
Now, Ibo uiftHfl of kho ofti'Ll) Ih approxinmkoly 10** 
graminoB, whorooft khak of an olookvon in altouk 10 *’ 
gi’ammos. Tlio rakiu ia 10**, ao khak in ihia oaao klio 
inaaa ia only roduood by kimk rakio, whilo kho volumo 
IB roduood 10*® kiiuoa. 'Huh inoauH khak kho doiiBiky 
ia inoroaaod nearly a billion kinioa, 

Thia ia nokhiiig ko bo nurpriaod ak, and boooinoa 
inovikablo when wo oonaidor kliak our dcjiHikioa 
aro dokormiuod by nioaHuromouka and oatimakon 
made in kho cimo of aolid “ bodioa,” oonBialing, an 
ovory ono now adinilH, of diaoroko i)arLiolOH aoparakod 
by more or loaa wido inkorvalH. 'I’hoKO inkorvala 
aro UBually Iniporoopkilily amall. Holid coppor 
oonaiata of akoina and akoniio aggrogakua kigbkly 
paokod aa oloao aa khoy will go ak a given koin- 
poraktiru. link kliio doOH nok niuan khak kho akoina 
aro alwaya in oonkaok, Ik only iiiijilicia khak whon 
kho akoina aro {(roaaod Logoklior akill inoro kigbkly 
forooH aro broughk inko play -- inkoriial kiiuilio 
forooH monk likoly — wliioh ruKink any furkbor iliini- 
mikion of volumo. An aioin may, for all lhai, ro- 
Bomblo aflwarm of bouH, whitili oaiiiiol bo (lompnmuod 
wikh impuiiiky. 

Hkill, khu akoin Iuin a om'kain inaHK, and iliia uiuhI 
1)0 inhuronk in ila oonakikuonkH kbak ia ko aay, klin 
oIuokrouH or nkhur parkioluH of whioli ik ia oompoatul, 
If khoHo aro, an wo bavo found, a billiitn linioH 
nioro doiiHO khan onlinary niatkor, ik follow a ihai 
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only ono part in a billion of Llio “volume” of an 
atom need bo filled up by thorn. 

In view of tho laot that bho volumes of tho sun 
and all tho planets put together fill up just about 
one-billionth of tho solar system ivithin bho orbit 
of Noptimo, tho analogy between an atom and a 
solar system becomes more strikingly evident. But 
this part of tho analogy is really implied in tho 
hypothesis that all lengths are reduced in tho 
same proportion. 

2, Tho .superior density of tho " oolestial bodies " 
of tho infra- world implies that when they aro sot 
in motion they have a billion times more kinetic 
energy , volume for volume, than tho planets of our 
system. If, therefore, wo wore suddenly trans- 
ported into tho iufra-Avorld, wo should know by 
this, without any other indication, that circumstances 
had changed. But wo should soon find out other 
and more fundamental difforonoos. Tho cosmic 
volocitios aro, as wo havo soon, practically tho same 
in botli worlds, both absolutely and as measured by 
tho standards of oaoh world indo])ondontly, Thi.'} is 
duo to tho fact that a velocity is tho ratio of a space 
to a tiino, or LT“h If both L and I’ aro changed in 
tho sanio ratio, tho result remains the same, and it 
remains tho same, too, wlioii tlio unit is changed 
to tho same extent in both L and T. But an 
acooloration is a length divided by tho square of 

a time, and if the units of both space and time aro 

u 
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frpjtalW’, siw iunitti^ »lMluUi aeoolornUon, 
tewi is suHif <ai<l iltiim Jn iho infra- 
»4§ «i|[b||K» 9 f injif* srttAllKir in llio woeoncl OftHO 

61? 5li« 

I-. ^'N?j wt ■■' -A l»«4y »ut|uirMon oarUi 

« «*-.'/ j'j i! ‘>#11 riii jwr * 0 »!»ntl in imn esaontl vuidoi* 
?5.<» 5.t,'!s-n 'i dn» i,*f<.tviliiUottJil furuo, Tho 

w^3«s*'i.' . ts U'fil uniSt, N»w inotuntfo 

'.?!.< fcj.-sM, «»L l..san'n tJi ili« infru-wtirld, Ono 

> ’." I ft "50 litfv 'n<’'a'i<ra in** Put. uHM Mwond bCKJOinOH 

?,!*'* ii,4» »«<'! s nolufliiiy mlf HI*'* mni |N3r 10*" 

, 5s s aNi', HT.l.n ii«.iii AJi *‘M ofirih lUil this iniit 

'««' * fs ^ '.«« -jw ip<ir*l>ly {McH'iiiut. wliinh in 

1 .r, iS,/*:, « u 4s .«»* -•»!' t«i lo” infrrt-«0l1<intlH, 
,.( ■\:i ,'i! i«w Riiit luir noriiial 

>.t wa.'.. iji, a " uji|«si.?r lu Ih> ho fllij'iit 

5 .! 1 , i.jras iji'-J'*' 1' iuil Ui isomtiihiiij,' tmin- 

>• '5.0 * - !..rrt,n .n >•( a liuililiitt; f-rmliially 

; ss ’i‘. (..iT’li >ii<l ill ilio 

|i -■ ‘ vs v,.ii'', !*' “.ho Milsalo! sltlD of l.lul illlrft" 
„ . ' h - , a, .oi |.y loir iin'thoilK, ihnr 

, s c, -V s. »* i^r IH III nil)' tiyi'H, 

IS>, ■ A<5 t" 1*’’’ "I "“*■ 

ilj.o 1 - 'r,.v<. J.«?s ■■{ ihr. luira W..rl>i ‘iro iliii Hiui'ii 
< '5..- at.i'ff.a hvav -r wIm! wi' ''»ll ll"' 1‘toinH. 

i?o is/rfs j4oi*i»5<3 . ,H,iu «1' p'.i'onn, roimd l!io 

s- s's*.,* nm-i* nion- frr-in<'iiVly i>-‘' 

-nr i'l.ni«tn mitl jomii 
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Lively, This is ft purely ItinoinaLioftl tlioorom; but 
in order to ftooount for it dynainionlly, avo must oon- 
sidor the forces at work in Live infra-Avurkl, 

Noav, centrifugal farce is proportional to llio square 
of the volooity of the revolving body, and invorsoly 
proportional to its dislanoo from the oontro of 
attraotion, in symbols, wiioro m is tho 

mass, V tho volooity, and Jl tlio radius of the orbit, 
Now, in doaoonding into tho infra-world, V remains 
substantially tho same, m is rodnood '10“ tlmos, and 
li is roduood 1 0”*' times, TIonoa tho oontrifugal force 
is roduood to ,10 ” Luhoh tho foroo, say, botwoon the 
earth and tho sun, 

How is this force balanced ? 'I’lio distance botwoon 
two bodies in tlio infra-world is Id''*' tinnts lowt tliau 
botwoon two bodies in tliis world, and hence ilio 
gravitational foroo nnist ho mullipliod by 10”. Hot. 
on the other hand, tlio gravitational force is pro- 
portional (o I ho product of the niasscH, which aro 
both rodnood 10“ tinius, Tlonoo iho graviialioiml 
attraotion is in tho infra-world **, or only 

10-M tiinoH what it in with us. 'I’liis is !()»“ limns too 
Hinidl to balanoo ovon tho mducod ncnlrd’ugid fnrtio 
of 10'*'" dynes found altovo. .Still, if mir dyiiaiiiii-ul 
principles hold good - and oviiryihing wo limns 
points in that dirootion- wo may l>o mire thal ihal 
attrantivo foroo of 10 '“'dynes is somehow proviiied, 
Hut this ruquiros that idl coiih'td loruus in tho infra- 
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ww 10 ** liiim, in order lo ecoounl 

fur ifeo muiiuit^ w« eotuAlly olmirv'e. 

Wo witiy iljftrofow ioIhuIaIo ilio varioue uiiiln in 
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majiS ih»t itjuimin*' t|iin)ilili(m (loiliiltiil liy 
'I '.f. K, 6|«.ni .kSMl iHfuri’tt Kuiv* ni’l'.d buhio nmilorM who 
■a « o II . ' I T t a-jvi I > h * • loit «rilti oil Unit Kunlu. 

I! I,’, j". ■>!>' -sild Ih ra>itiir'iiiltor(!>l lo'l Hilly tlml Hiioli 
«!• V'l: inliH 'h«' lUlly ti«liiiiliiliii|i« of ii«” 
.*Ji * Jira. l| 3 >> v.hiil i-J Ii<'klniwli(t||.{''il (O 

„ ■ l.n I . », • IV.'’ >.l idl ■•'!, I'lH tllftl llioil' 

•>1.11' . '.'; O ‘ O' ir.j'Ufoi u» oxlri'iiii’lv t'it‘<y lOifl 
I,' i-i. Wi’ nn' ihnilim; with miiiiifilutH 

3, a »< ■> 5!, "I » \"i’» larv'ii, Mciiln. mill 

d Jl.’l’l'lt oil III ' lllillU III 

, , ,,, Hi I!.iili..iil|i.>i willi llm Htimo t'liw 

■it i| Ilf' *t: ‘ <<■ *■ H*. 1 1' O'"'’ Hi ll•'>^lHl^J Wllll lilii 

. 3 .,.^:.. ifiHU'j.l.. a' ■ I» lal'l" At t» roll'. iHiliti'd, oiir 

. j.. la’; >1.0 »s*‘ ’ Htiioid i" (i>lili!i"ii mill «ii!jIiih’Uiiii. 
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3. Wo liavo now laid a solid foundation for onr 
knowlodgo of this nowly-disoovorod world. Wo hoo 
that, whilo tho cippoa/tuntm roniain tlio same, tho 
amlA'al /wm must nooosHarily bo didbroni, and 
must, indood, vastly oxoood tho moohauioal foroos 
wo aro familiar with. If wo tako tho visihlo nnivorso 
as it is, and roduoo all its diinonuions in tlio HAino 
ratio, and aooolorato tho rates of rovolution of tho 
various oolostial bodies in tho satno ratio, ho ns to 
koop thoiv absoluto volooitios tho samo ah boforo, 
wo (ind that this cannot bo dono with tho simplo 
gravitational attraotiem aa wo know it. ^Vo must 
havo a inoro pnwovful contripotal foroo, 

Wo oan givo a simplo illustration in tho oaso of 
tho oartli and tlm tnoon. Lot all tltoir dimouHimis 
bo halved, and lot thoir volooitios and donsitios rth 
main tho saino as boforo, 'I'hon, Kinou tho voluniu 
of oaoh body will bo ono-nightli of whal. it waa. its 
mass also will bo nno-oighth, and tho gravitntioind 
attraction, boing jmiisirtional to tlui prodnot of tlio 
inasBim, will l>o jLdi of tho jiroHont aitnidlion. On 
tho other hand, thoir distanco will also be halved, 
and this will incrcasu the gravitational at tract inn 
four timoH, So that on tlio wlinlc wo have a luiiilii. 
petal foroo oiio-Hixlonntb of llm prosont biiTo. 

As rogards tlio ('.otitrifiigal forro, iIuh in propor- 
tional to and dopcmlH only nimn Llio rovidviii),' 

body. Now V is tho Riiino as boforo, m is rodticod 
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Binhfc Kiiil H is liftlvoti. Ibnco, on tlio wbolo, 
iho eeiurifiijisl form* will bo ono-fourlh of tlio proaonL 
for*?** wbioli kBn»i«t iho nimiri in iis orbit, Hut it will 
t-)tt four loo Ittrgo for iho very fooblo ffmvitiv- 
liohftl aliraolion. nntl so tlio tnmm will lly oil' into 

Tbo fa«i ib«i, iboiigh Ruob o iiro[K*rLlounl rmlvic- 
Ut>n is iirm*lu in tbo wurlil of ntouts nnd olootrunN, 
ywi tbo plwifituis mvolvn nbout tboir fttoum in orbits 
winw* pxmtonoic) is tlainonstralod by ovory roy of 
lljjht, sbowfl that tlio ooniml forcOH niuHt greatly 
OSrtoeil tbo MowUiiiinn atlriintion, 

\Vb know what ihio now aontral foroo i«. ft in the 
fuM ft/ flvf!n>niti>tie ultnutitrn. Wo might nliiloKt 
my llini it io H|ttmin]|y ilo^ignotl to innko possiblo tlio 
»%i«ioi)i'o rif BH iiifra^wiirUl on tbo piitlorn of our own 
Hiiivur^o, but on B vory niimito Runbi. Imiitbmtally, 
ihw olfwiirid fori'o prixluoiwi a viirbtiy of inloroBling 
lorrt'c’rnd j'liPtiomniiii. lint, tiHmoiiinlly, it may litly 

It' liosi'rii ,>il <tii thn ■' gnu ii fti i‘'ii iifili" iiifrH'Worltl," 
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1. Wk havo Hooii llml if orbital motionH rOHombHuK 
tlio earth’s motion rouutl tho sun aro t« ho pvO' 
floi'vocl on a molooular soalo—tlio scalo of tUo iufnt' 
world — and if tho absolute orbital volooitios aro 
to bo of tho same order in oaoh oiwso, oontripotal 
forooB must bo at work whioh greatly oxoood tho 
gravitational force wo aro aooUHtoniud to. Huoh 
a oeutripotal force, onormoua in oonipariHon with 
gravitational foroo, wo aro already iiiiuiliar with 
in tho oaHo of oloetroHtatio atiraotion. VVlion one 
olootron ih placed at a iliHtanoo of 1 em, from nmithor, 
it ropolH it with a foroo of about 10 dymiH. Hy 
virUio of their ponderable miuinun, tho two eleeiroiiH 
at the Hamu time attract eaeh oihor wiih a forou 
of aijout 10 dynoH. In tluH ciiho, thurnfore. (hn 
oloetrio force oxeeudH the gravitutiomd force 10" 
tiiiHiH. 'I'liia eiioriuoiiH dilVeroiiee hIiown al once llnu 
UH Boon aH eloclrin fornoH come into pluy wo uro 
amply ]iroviilod with machinory for prodiieiug ihe 
necoBHury Hpood of revolution. Hut il him bcoii 
objootod that HUoh protligioUH forecH aa tlumo would 
break U)) any Htruoture with whioh wo are a(U|nainlcd, 
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»ii4l I hill iiiir iiiiii^'i)iiilii)ii riHiiiilH linlploN.sl)' IVoiii any 
(<i niniun* uii (tliMtlriui iih i(, roally iw. Thai 
ihifi at|)iiiil<t iH i|iiit.u luihliikoii I liopii lo hIiow in 
whiti f'<>l|tiiv>i< 

If. Wt) Iiiivn r>iiiiiit (lull l.ho islotifi'in (itrooH " mako 
ilui iVMihl I'.i iTouiiil " ill llui itilranvoi'lil. I!iil, hufoni 
ihn itiiiu]ihiin iiiKiliif^^y ImLwiiim an aloin 
anil il-i ahii’l rniiH anil tnir Hular Hynloiii, Hovoml 
• ihji'i'i inii’. ic’iiiiiiii 111 he (h'liil vvil.h. TIicho iiro - 
(I) All I'hiiin.ri, liaviiuj Hiiiili a jiioiliffinUH ohin'jj;u 

iiijiiu'i'.oii \s'iih It', iiiti’i'i mill onukl mil ho 

li«'lil 1 iij;!'! Imr liy any kiiuwii ^^l|•l1», 

tif) II' ilinin am mivitnil alinili'iimi mviilvinf' ahmiL 
.1(1 at'iiii. tliity wi’iiltl Miriiiii.’ily [lorliirli ciaitli olliur liy 
thi'ir iiiiiliia] i i’[iitlMiimi. 

An n •jmiiji ih" lii.-l. '>lijnniiiin, il in liniil iinH\von!il 
liy II r.>iii|iuri'n>ti wiili I III! (mrlli, Wliu winilil 

lliiit (hit I’jirlli in iin!.{aliviily oliiirj'inl In a 

ji..ii.niinl i>l II l.iHioii vi'liai' Yi'i (><» il hi, a, a mm lio 
i-.iih ^l|.•^l•ll limn lliii lialii nl’ a 1 iiin.aiiliariii utoii- 
li I'-iiy 'I'll” mill h'n I'lmi):” i’l mu'lauily iml. Imi.H I liau 
111" iilitri i.iiitiif ii‘ iiiiil'i, Il (iiiiiiimi itniinily nl' uloc- 
ti ilimil 1 . 1(1 i'l jii It ulmnl mil! iilm'l imilalii) nnil I>m' 
'ifiiuia ci'iil tiii”l I'll, iiimiiiiii;; llml TlliD iiiilli'ili li'do 
ii]in’ti<iii’i all! ili.'il 1 1 Imlmi oviT nviiry (U|nai'ii m'lili 
iHutr” lit ill* lairriim'. Ami yl "’n limi iiiodrio 
|i)ii'tiiiiiii<iiii tn iinliiiary ulinictfi lU’iiiiiiil m*. llai 
i>liaiK«n am tliiiii! all ihii tiaimi, Hill limy jm™ ini" 
111” aUtt'>!'iihiim uml liaitk ini” ih" oarlli, anil all wo 
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know of Llioiii an a rule is oonlinod U) UmnclorslovinH 
and auroras. 

1)1 llio oaso of Llio oloolron, with its oLargo of 
3'4 X 1 0“'" uniis and its radius of aboiiL lO 
Uio poLoiiLial is only a million volts. But tHo nurJtvoo 
don.sily is muoli groiitor, boing about 1 O’” units por 
square ooutiniotro. JJoioo lilio olcotrio Hold just 
above the surface is 10’” thnos the field above l.ho 
sui'faoo of the oiii’th, No ooho.sivo force known to 
us could withstand that strain. But then it must 
bo romeniburod that the density of an oloolron is 
10” times the density of the earth. Tlioroforo 
cohesive force is 10”® times stronger than on oiii'th> 
and this is amply able to protect the oloolron from 
disintegration by its own olootrio forces. 

"I'hoHO oonsidorations have the ollbot of malting 
the olocti'on moi'O and more familiar. Wo have 
indeed ho'o, for the first timo, a i-ational view of !iii 
electron, based iqxrn concojitions fiuniliii.r in oiir own 
world, and introducing no now and unknown foi'ces. 
The forces are much gi-oator than oni’s, but llnm wo 
have already for soino timo boon acquainted witli 
the greatness of molecular forces, and I.Ik'HC nude- 
cidar I'orcos arc the forces at play in wlml. wo cull 
tlic inlVivwoi'ld. Wo only apply common soiifio and 
olonuintary science to tboso inimito isirticlcs, wliono 
exisLonoo is revealed to us by all the phonomoua <d' 
jihysicH and chomisti'y. 

ide far, then, wo are on solid givnmd. 'I’lio oluc- 
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(il’on liu'iif) out to ho Hoinothing lilco oiu* own oartli, 
only that olootrio Jbroo takoK tho jjlaoo of ffi'iivitun 
tional foruo in orbital motioiiH. Our " niolooula)'’’ 
forooa, auoli aa oohoHlon and rigidity, have tlioir 
analoguo in tho cohoHivo forooH of tlio “ infra-niolo- 
ouloH," tlioHO jiartiolofl of an ordor tiiiiofi nmidlor 
than our itioloonloH, wluoh aooount for tho iiudo- 
oidar phonoiiuma of tho infra-world, and oxjdaiu tho 
roaifltanoo of tlio oloolron to olootrio diamption. 

Ah rogardH olijootion ( 2 ), it ahouhl ho liorno in 
mind that llioi'o ia no osaontial dilVoronoo liotwoon 
porturhation hy ropulHion and i)orLurl)atlou hy at- 
traotion, auoh na ih tlio rnlo in our own mdar ayatom, 
That Huoh ])orturbations actually take placo ia hIiowu 
by tho ooinplioatod oharaotor of tho apootra of 
moat olomonta. Tlroao apootra would conaiat of a 
few ainglo liiioa, aa in tho hydrogon apootrimi, if 
tho oloolrona rovedvod round tho atoina (piito indo- 
])ondontly of oaoh othor. Hut tho pornmnonoo of 
tho liuoH ahowa alao that tho jiorturbiitioiia aro oom- 
ponaatod, aa in thoaolar ayatimi, and do not produce 
a ])orit)anont diatiirliiuico of tho orldta. It inuat alao 
bo roinoinhomd that at liigii volocitica tho mutual 
ropulaion hotwoon two (doctrona ia hugely bidaiicod 
by olcotro-dynainio iiLtraction, When two aiinilarly 
charged hodicH move aide hyaido through tho othor, 
their olootroatatic ropulai(*n ia halancod to aoiiio ox- 
tout hy thoir oloctro-magnotio attraction tho extent 
<lui)ondH upon tlio apuud. Tho oluolro -nuiguotio 
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aLlraolion is Iho same IVaolion of tho olooLroRlaLio 
ropiilBion rh tho spoocl of Uio bodioK in ol' llio Hpootl 
of light. Now tho Hpood of olootronH, although of 
tho sarao order of magnitude as tlio H))ood of tho 
oarth, ie, aa a rule, about a lumdrod tiniCH groalor, 
and has boon hnown to attain a value ono-third tho 
volooity of light. Thia would I'oduoo tho ropulaion 
of two olootrona moving abroaat to two-thu'da of tlioir 
I’opnlaion whon atanding atill. 

3. An intoroating quoation ariaoa aa to what con- 
stitutoH tho ohargo of an olootron, and what oondi" 
tiona dotormino ita nho. Wo know that tlio facta of 
olootrioity arc fully aooountod for by tho oxiatcjuoo 
of olootrona of oonatant niaaa and ohargo. I'lio ex- 
planation of tho oaotorio naturo of olooLrio ohargoa ia 
thus pushed a atago further baok. It ia not roally 
aofloinpliahod, any more than nmaa ia oxjdainod by 
tho atornio theory. 'J’liia in no way dotraota froiri 
tho UHofulnoHH of both thoorioa; but T nin oonvinood 
that tho human mind will not roat aatialiod by the 
ainqilo ad^journmont of a fundaniontiil (pioation of 
thia kind. 

'I'ho [iroaont work dooa not prolbaa to acsoount Ibr 
tho oa.aontial naturo of olootrio ohargoa. On tlio 
contrary, it ahowa that no explanation nood lie 
lookod for on a acalo of inlinito aruallnoHa. Whon 
wo got down to tho olootrona, wo aro confronted with 
jirooiaoly tho aaino ])rohloin, Juat aa tho atom con- 
fronta na again with tho problem of inaHa. 
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ll lollowH Uml wliiUovoi' udvHnoo in iinHmblo inunL 
Ik) Innkiiil ibr in (ntr own uuivoim Oiir univoi'Ho in 
ihi) coiiiitlotd opiioiiio of HonlU'iil, iKtHHiliiliUoH, ll 
(totiiiutiiitlH (I tlifiiftnl viow of tlnj univui'.st)H noxl 
liiilow tnitl noxi idiovo in Uio iniivorHal Hoalo of 
iim)L'iiiLiitl(*. Nitxi. liolow iiK wo havo Uio ‘'iiirm" 
woi'ltl," witioli Ml tui n|i)MiarH in Llio Hhapo of iiuilO' 
onlai' plioiiiinnnm. Noxl aliovo UH wo havo whal 
may ho tmlloil ilut "Hiipra-woHil" wliioli appoivi'H ^o 
MH an a Hhillar univorao, jnul iw wo apiamr lo Iho 
inhuhilanlJ! of iho iiilra world. il'anoh Ihoro Ito. 

Till) wliolit ^aiinil of poHHihIo oxpoi'loiiooH in lluiH 
wiiitin uur loaoli. Oiii' ]>liyaioal or^outiHalion aUaoiioN 
no Ml llio Kiii'faoo of a roHinj^' fflolio, amt if wo anooiiil 
or tloai'oiid ill iho Hoalo of nmgniiutloa wo liiitl no 
aimilai' po>i‘iiliiIil.y of oxiainnou iiiilil Uio ralio hooooioa 
in''*'* Ml 1. hifii an wi) luiow il. ia oondmal lo mirfaooH 
of |ilutiol!i. If Ihoro nro oihor lypoa of lifo (wliioh iti 
((iiiln iionimivaltlo') llioy aro aa iiiaiaioaailiio Mi mi aa 
I ho inuor lifo o| a iron or a Itowor. 

No lifo iMioololy rufioioliliiif' our own in pcmaililo 
on any nniln iiilorioodialo Iiolwoon iia and iho infra- 
world, Hnl. if llm nmii) ihoaifi of thin n/may in Iriio, 
and //o' iiiir<i"iri>rlil in a lialiiliihl,’ unlri'm' no/ 
i wtiliHUii ill [)i irul J'roiii tnw llioii t.horo ia no 
valid arjpinioni, oilhor in phyaioloKy or |l,•!yllllolo^,,7, 
Ml ahow llio iinpoiaiihilily of our liavinj,' lioon inhalii- 
lanla of Urn in(Va~\vorld jirovioua lo onr liiri.h iiilo 
Ihia world. A lifo of "Hovonly yoara" in Uio infra- 
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world inighL bo orowdod wil/h ovonta, and yo(. il 
Avould add bnl, an alLogolhor inapju’ooiiiblo fraolion 
Lo our oarlbly apan of life. The faola of oinbvyology 
aro far from boing aocounlod for, and (,bo iilumomona 
of on Logon oltio dovolopinonL aro ho obHouro LhaL a 
roaaonaldo bypoLliomH liko Lbo abovo oan only Lend 
Lowarda Lboir oUioidation, IL oorLainly romovoH tlui 
diflionlLy oxporioncod in conooiving tdio bonndloHH 
poasibiliLioB of lifo aH being oonlainod in an invinibly 
sirbill gorin. 

GonaidoraLionH aviob aa tbono lond a Innnan in- 
LorosL Lo an inquiry untlorLakon in Llio liraL inalanoo 
for a purely pbyaioal pnrpoao. 

4 , CJonidiiio'tw 0/ /"/i/fi.— ITow muoli oan bo douo in 
Lbo way of oaloulaling oondiLiona of oxiaLonco from 
aimjdo moobanioal data ia nbown by i’uif. bowoll’a 
woll-known oal(iuliiLi()n of tho jirobablo .size and 
sLrongLb of Llio iubabil.aiiLH of Mara. In doing Llio 
aamo for lbo infra-world, wo oan poiuL lo no Huoh 
convincing ovidonoo of lifo hh Lbo canala of Miira, 
Nor ia Ibal nocoHsary for our pnrpoao. Wo cannol. 
prove ibal life in our aonao oxiala in Lbo infra world ; 
bill wo Can ])oinL lo iia poM.Mil>ilily, and nd'or ilii 
probaliilily. 

Wo liavo already aoon ibal wo can poalulalo an 
aloniic alrinauro of lbo " infra-worbl" on ilio plan 
of our own wilboul aonailily iiilorforiug willi lbo 
pra(!li(!al indiviaibilily of lbo aloma conaliLnl ing our 
own world. (Joboaion la lO-'" limoa nlrongia' tbao 
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with iiHi, lull, tlu) mtio Ilf nviiilablu ftiruoK to niURHOB 
jtt uIhm iiini'iiitwiul U)'“ luttuH, HO ihftt Uio bivknoo k 
{ir< ^u>rvrtl, I'ur fttruoH uro rodimtid tiiily J.0’“ tiuios, 
wltilii iiro I’udcKuid H)''' UinOH, 

Uttndiiiij.; uiid nmvitij' “olijoolH" ia tliu itifriv-woi'ld 
«j)l lull liiuidi llio Miinio HH witli uh. Tho work por 
vitliiuiM will liM imu'h Kroulor, tlio play of onorgy 
luMiit iuO’iiti't, litiiihiH iH jUHt, wlmt wouhottld ox))OOt 
ill iitit'li li viuy liujh I'iilo Ilf osktoaco. .Info ia llio 
iiOt.v wui'ld in liircuuuUH It) ua oxtouL wo litllo droaai 
And yui, uiat'o ilai aioitUft avidlulilo aro ooiiniioa- 
i*!* llio luidti, tln'1'o iH an osHimtiftl diUbi'oaoo. 

‘riio Hima <<r lil'o iu pitipm-lidnid to tho Hoalo of tiiao 
Kvt'U im iiur own ourth tliovo In a nmgh 
(.r .p'.iiiiouility luitwoim llm loni'th of tho hotly of an 
Kiuiimd lUfl lito loantli i>f iiH aoruial Hpaa of lifn, 
P‘,. I ihi’i ihtiro iii It pliyHitiloKioid riuiHoa, hil'o in 
I ' uiUlly H iini'(!i*niiitia nf iiorvo pakoM, of lUitionH 
I'liid iinu'li.iun, lutlwtuia tlio Holitioiit Holf (vail till) 
i.vnutitd umld ilir"ii['h llio motiiaai iif tin) ]iliyni(iid 
..ifMiiinio, IvK-li inic;|i iaiiiruotiiiii (iioifiiHlH of lUi 
uuj.td.'. h.u.'lliiii; iiiwiinlti iVttin witlnoil., uail lUi 
iiui>'d ■- tmv.dlinp ..iitwimlti IVt>oi within. 
Uv» >' iioinil.-ii ’. tint iriui.'imitlod hy llio aorvotu iit ii 
,..4t..iii ml" ■l"i>''Mdiiiit np.ih onluin phyNioul pro 
1. 1.1 lit.- iiiinimiilluip (iiilmlunoo. Tin) nilo nl 

n,„...it.iii-i-M .i|mmliv.-ly i-low. It iu ah..at :UMm 

j,„r w.-Miul. Tlo-rolhro, un iiitorvul of iilu>at a 
,.,nl, ..I 11 -.tonmtl aia.nt oluptio hotwoua two iiucoon- 
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fiivo impulsofl through tlxo foot to tho brain if thoy 
nro to bo acloquntoly and suitably doalt with, It is 
just liko a inoroautilo oOioo in whioh tho staff can 
only do businoss at a doiinito nito. 'I'lns intorosting 
physiological fact is illustratod by tho coalosoonoo of 
soparnto air-pulsoa into oiio continuous nolo if thoy 
oxoood ^0 pulses por sooond, and tho similar ooalos- 
oonoo of lliokoring images. Tho "oontral oxohango” 
of tho human maohino is only constructod for somo 
40 oxohangos por sooond, and it is oa-sy to oaloulato 
that tho normal span of human lifo oontaiiis about 
10^1 siuth impulsos. This figuro, rocurring as it does 
again and again in our oaloulations, sooms to bo 
of a significanoo hithorto littlo realised. Its oloso 
proximity to tho figuro expressing tlm volooity of 
light in oontimotiHis jicr sooond (llxiO'*^) is mis- 
loading, since that figuro ohangos witli tho units 
of length and time. Ihit auothor sigtii(i<!am!o may 
attach to it indopondont of tho units. It certainly 
is tho ral'io of tho speed of liglit to tho average 
speed of animal loeomotion, 

Tf this figure of 10" (a lumitroil thousand mitlinn) 
is tlu) allotted nundior of norve-impulsos for all 
sentient beings, it follows at imoo that longeviiy 
must bo pro})ortionjd to longtli. And if lliis is 
true in the infra-world, the normal span o)’ life 
will lie reduced 10''" times i.r., in tho samn ratio 
as space and time. Hovnnty infm-yoars will llioro- 
foro ho tho normal span of life of the infra man. 
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N**w no inlVft yt-ur iw what wo call a tIuiuHand 
Ml n llt-iido tim Imu t>J couvtlm 

•'/ in,(iU /ntvr. hi 

/'ft-fs iht n 1,1 a i^tnnll f|•lU’lion, of oar m'ltowl 

‘J'Imi M-I.ir hj-Moiii in tsaloulnUid to Jjo lOUO 
uul{i..H m(i(. uittujunf< i.IiiU, Mio [jlanolH havo 
* i„ ii|.)ir..\iiiitUMl)‘ lIuMi- jiroaoitl Hlalo iintl 

iMj- itiui U'lii'llj III' liimv li, in ohU- 
iliMt iliny will ln‘tL im litiij,' iVKaiii, lUil 
•-Mill iliii iijiitii, liiuififori’iiti U» iho Uino wnvlo 
>4 iIm* ihlr,i wmlii. niily liriii''8 iiH U)) l.o lUnml a 
mtliioiifli „ jiiirMiiil, i.r iliM HiimihiHl iiilovval 'wo 
nil nuniitliM v. ilh mir juttfitiiil iiiHti'UiiiOJiLH. Wjion, 
»!i< V.I) ili'.il wiih lutilmmlui' (irhilti and aloinic 
'*ui., WM imuii i('iiii'inlnir nut niiiy Llm(- wo ai'O 
ill limi; Viilli )kvi’ia);ii iiinlaiiiaiiioiniH valiioa, IniL with 
tMUk 'i huMi v.iliii'i ii’i Wdll. Ill (ho iihoi'lDHt timo 
1 ,!,< u in i'Imi)|\ uii', any, (ho 7,(toiiiiiti iiioj'iU)l,i)'ii])lio 
••‘1' ' ■ .iiniiiic iiynloniii, iiyiiilnila of mir 

"111 I’pMi'in, HI'!' inoili' oini imniitdo, (tnilil 

I ' 4 ' In II lUlllinlilll nf a lloOdllll 

t >, ..I uln'ii iii'iianiiiiioniiii ]ihot<)j;i'a]ihy, 

VM 11,1 'iM J j 1 1^ 1*1 W V nhat'ivo llm oll'nOl. OH (isUniil.Oll 

>1 .Uil" .•.alitiiii O'l litalilo ail our (tWIl Huhn' 

"Ill 

!(tf .('ilaliiv nf Hill iiwii anlar iiynli'iii ih j'roivlly 
iiir >1 I 111 hy it'i ili’.laiii'o Irmu nlliov lixuil iitai'H, 
■„!a>U i iivii 0 ihnilMUol Uliiit.‘i Ui'i iloilUlioij nl 
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tho ouloi'moHb planofc. ThiH condition ifl roaliflod in 
tho i^ooinan idionomonou aa olmorvod in a HOfliiiin 
ilanio; but in hoIuIb and liquido, aa U. A, Konnody 
haa pointed out, tiio conditioiiK ai'o OMHontialiy dil- 
forout. 'ro iind anythini' roaondding tlvoni in oiu' 
own univoi’fio wo aliall Imvo to go to our cloao 
star oluHtoi-H; but mi long aa tlio olootrons wo oou- 
aidor ai'o in a mroliod gaa, wo may tako it that 
tho oonditiona aro pvaotioally tlio aaiiio aa in our 
own toiToatrial world, 



